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PREFACE. 


The  object  of  the  following  Treatise  is  to  communicate 
such  a  general  view  of  the  structure  and  growth  of  plants^ 
and  of  their  natural  classificatioUj  as  should  be  at  the  same 
time  popular  in  its  form  and  scientific  in  its  principles. 
The  botanist  has  too  frequently  concerned  himself^  almost 
or  quite  exclusively,  about  the  collection  of  specimens,  the 
examination  of  their  external  characters,  and  the  deter- 
mination of  their  names ;  all  the  wonders  and  beauties  of 
their  internal  structure,  and  the  interest  derivable  from 
the  observation  of  the  uses  of  their  several  parts  or 
organs,  being  very  commonly  overlooked.  It  is  not  among 
the  least  of  the  advantages  of  the  natural  system  of  classi- 
fication, that,  as  its  divisions  are  founded  upon  corres- 
pondences and  differences  in  internal  conformation,  in- 
stead of  being  based  upon  external  characters  only,  the 
general  adoption  of  it  has  necessarily  caused  much  more 
attention  to  be  paid  to  the  organization  of  plants ;  and 
this  has  naturally  led  to  increased  observation  of  their 
functions  and  habits  of  life,  to  the  study  of  the  conditions 
on  which  their  growth  and  propagation  are  dependent, 
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VI  PREFACE. 

and  to  the  application  of  the  knowledge  thus  acquired  to 
the  improvement  of  the  art  of  cultivation,  whether  in  the 
field,  the  garden,  or  the  hothouse. 

The  first  part  of  the  foUowing  volume  is,  therefore, 
devoted  to  an  exposition  of  this  part  of  Botanical  science  ; 

and  the  Author  has  endeavoured  to  state  in  the  Introduc- 

« 

tion  some  of  the  inducements  which  may  incite  to  the 
study  of  it.  He  may  here  remark,  in  addition,  that  the 
progress  of  science  is  continually  rendering  closer  and 
closer  that  relation  between  the  physiology  of  plants 
and  that  of  animals,  which  it  was  the  Author's  intention 
to  develope,  in  his  "  Principles  of  General  and  Compara- 
tive Physiology,"  first  published  in  1838.  It  had  long 
been  admitted,  that  the  physiology  of  man  cannot  be 
properly  understood,  unless  studied  in  connection  with 
that  of  the  lower  animals;  and  the  truth,  that  the 
physiology  of  animals  cannot  be  properly  understood, 
unless  it  be  studied  in  connection  with  that  of  plants,  is 
now  becoming  generally  recognized.  Those  who  shall 
peruse  the  Treatise  on  Animal  Physiology  in  this  series, 
after  they  have  made  themselves  acquainted  with  the  first 
part  of  the  following  voliime,  will  not  find  it  difficult  to 
perceive  the  connection  here  referred  to. 

With  regard  to  the  portion  of  the  volume  devoted  to 
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Systematic  Botany,  the  author  would  remark,  that  the 
reasons  which  have  induced  him  to  prefer  the  Natural 
System  to  the  Linnasan, — the  latter  having  been  hitherto 
almost  universally  employed  in  elementary  treatises  on 
Botany — ^will  be  found  fuUy  stated  in  Chapter  XIII.  He 
has  not  aimed  to  give  an  account  of  every  order,  since 
this  would  have  been  of  very  litde  use  to  the  beginner. 
In  making  a  selection,  he  has  regarded  those  as  having 
the  best  claim  to  notice,  which  contain  plants  of  the 
greatest  importance  to  man,  or  which  present  some  re- 
markable peculiarities  of  structure  or  habit ;  a  few  have 
been  introduced,  however,  which  possess  neither  of  these 
distinctions,  either  as  containing  well-known  British 
plants,  or  on  account  of  their  great  abundance  in  parti- 
cular spots  of  the  globe.  The  Cryptogamia  have  not  been 
treated  of  in  this  division  of  the  work,  since  a  general 
view  of  their  chief  groups  is  contained  in  Chapter  II., 
and  farther  details  would  not  have  possessed  sufficient 
interest  for  the  unscientific  reader. 

For  various  reasons,  he  has  thought  it  best  to  adopt  the 
system  of  De  Candolle,  as  being  the  one  most  in  use  at 
the  present  time ;  but  he  has  derived  great  assistance  from 
the  systematic  works  of  Dr.  Lindley,  and  especially  from 
the  useful  but    expensive    **  Ladies'    Botany "    of  that 
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author,  which  he  would  strongly  recommend  to  such  of 
his  readers  as  can  gain  access  to  it.  He  would  remark, 
in  conclusion,  that  any  systematic  Treatise  like  the  present 
must  consist,  in  great  part,  of  materials  collected  by  other 
naturalists;  and  that  the  merit  of  an  elementary  work 
must  consist  rather  in  the  judgment  shown  in  the  selec- 
tion and  arrangement  of  the  materials,  than  in  the  origin 
nality  of  its  contents.  How  far  he  has  succeeded  in  his 
present  attempt,  it  will  be  for  his  readers  to  decide. 
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ADVERTISEMENT. 


The  object  of  the  following  Treatise  is  to  communicate  a 
pq>ular,  but  at  the  same  time  a  scientific,  view  of  the  chief 
tribes  of  Flowering  Plants,  arranged  according  to  the  Natural 
System.  The  Author  is  not  aware  that  any  similar  attempt 
has  been  heretofore  made,  to  embody  this  arrangement  in  a 
work  of  a  strictly  elementary  character,  excepting  in  the  useful 
but  expensive  '^Ladies'  Botany"  of  Dr.  Lindley,  which  he 
would  strongly  recommend  to  such  of  his  readers  as  can  gain 
access  to  it.  Being  peisuaded,  however,  that  through  the  aid 
of  this  System  alone  can  any  definite  idea  be  gained,  of  the  vast 
extent  and  varied  aspect  of  the  Vegetable  Kingdom,  he  has  not 
hesitated  to  employ  it  here.  In  his  selection  of  Orders,  he  has 
regarded  those  as  having  the  best  claim  to  notice,  which  contain 
plants  of  greatest  importance  to  Man,  or  which  present  some 
remarkable  peculiarities  of  structure  or  habit;  a  few,  however, 
which  possess  neither  of  these  distinctions,  have  been  intro- 
duced, as  containing  well-known  British  plants,  or  on  account  of 
their  great  abundance  in  particular  spots  of  the  globe.  The 
Cryptogamia  have  not  been  treated  of  in  this  Part,  since  a 
popular  view  of  their  character  was  included  in  the  former  one  ; 
and  further  details  would  not  have  possessed  sufficient  genera^ 
interest 
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INTRODUCTION. 

Of  all  dq)artment8  of  Science,  there  is  perhaps  no  single  one 
capable  of  exercising  such  an  advantageous  influence  on  the  mind 
of  its  cultivator,  as  Natural  History.  Every  kind  of  knowledge 
has  in  it  something  that  is  valuable ;  for,  even  if  it  be  of  no  direct 
utility  in  the  ordinary  concerns  of  the  world,  the  acquirement  of 
it  is  a  useful  exercise  to  the  mental  faculties,  and  the  possession 
of  it  may  operate  in  a  most  beneficial  manner  on  the  habitual 
feelings,  and  give  a  corresponding  direction  to  the  whole  course 
of  life. 

It  is  desirable  to  cherish  correct  views  of  the  benefits  of  different 
kinds  of  knowledge,  that  those  may  choose  most  advantageously 
for  themselves  whom  the  necessary  business  of  life  debars  firom  the 
extended  pursuit  of  it ;  and  without  undervaluing  other  branches 
of  Science,  it  may  be  safely  affirmed  that  Natural  History  is 
capable  of  affording  more  to  interest  and  instruct,  more  to  refresh 
and  relax  the  well-disposed  mind,  on  a  very  slight  acquaintance 
with  it,  than  any  other  pursuit.  Not  a  step  can  the  learner  ad- 
vance in  it,  but  he  meets  with  wonders  previously  unsuspected;— 
not  a  height  does  he  gain,  from  which  his  prospect  is  clearer  and 
more  extensive,  but  his  notion  of  these  wonders  acquires  a  yet 
more  astonishing  vastness.  The  more  he  knows,  the  more  he 
desires  to  know ;  and  the  further  he  advances,  the  more  does  he 
perceive  how  much  delight  is  yet  in  store  for  him. 

The  beneficent  Creator  of  all  has  not  only  ordained,  that  every 
part  of  His  works  should  be  good — should  be  adapted  to  answer 
its  designed  end,  and  shonld  contribute  in  the  highest  degree  of 
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which  it  18  capable  to  the  well-being  of  His  creatures ; — but  He 
has  made  every  thing  ^^  beautiful  in  its  season,** — He  has  so 
formed  the  mind  of  Man  that  it  derives  pleasure  from  the  con- 
templation of  the  glorious  works  around  him.  And  it  is,  there- 
fore, a  worthy  employment  of  our  faculties  to  encourage  this 
pleasure ;  and  to  place  it  upon  a  more  solid  and  extended  foun- 
dation, than  that  afforded  by  the  mere  forms  and  colours  of  the 
objects  around  us,  however  beautiful  these  may  be. 

One  great  source  of  the  pleasure  derived  from  ihe  inquiiy  into 
the  structure  and  mode  of  existence  of  the  living  beings  around 
us,  arises  from  the  beautiful  adaptation  of  their  parts  to  each 
other,  and  of  the  whole  to  the  place  it  has  to  occupy,  which  we 
can  easily  trace  in  every  one.  The  Philosopher  who  studies  the 
motions  of  the  heavenly  bodies,  and  the  station  of  this  earth 
among  them,  traces  these  adaptations  no  less  clearly ;  but  it  re- 
quires profound  and  long-continued  study  to  be  able  to  compre- 
hend them  aright  The  Naturalist,  ho  wever,  can  discern  them  with 
fejr  less  research,  in  every  plant  that  grows,  in  every  animal  that 
breathes ;  and  he  meets  with  a  constant  variety,  which  prevents 
him  from  growing  weary  of  the  pursuit.  Yet  the  young  are 
too  frequently  kept  in  ignorance  of  the  wonders  and  beauties 
around  tliem ;  and,  whilst  encouraged  to  learn  many  languages, 
and  read  many  books,  they  remain  unacquainted  with  the  bright 
volume  of  Creation,  the  pages  of  which  are  daily  and  hourly 
unrolled  before  them,  ^  written,**  to  use  the  impressive  words  of 
Lord  Bacon,  ^^  in  the  only  language  which  hath  gone  forth  to  the 
ends  of  the  world,  unafiected  by  the  confusion  of  Babel."  But 
these  pages  are  not  to  be  read  without  some  study :  the  alphabet 
and  grammar  must  be  learned,  in  order  that  their  beautiee  nay 
be  rightly  comprehended ;  and  those  who  are  entering  upon  the 
inquiry  need  to  be  rightly  directed  by  those  who  are  nKire 
advanced. 

Natural  History  has  been  too  generally  shunned,  as  a  Science 
of  hard  namee  and  i(«tricate  classification,  by  those  whose  minds 
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ire  oocapied  with  the  neoeaMurj  employments  and  cares  of  the 
world,  and  who  seek  in  the  pmnsuit  of  knowledge  a  source  of 
refreshment  and  relaxation.  But  the  objects  of  its  several  de- 
pwrtments  are  not  commonly  understood.  The  study  includes 
the  examination  of  the  structure,  habits,  and  mode  of  existence 
of  all  the  living  beings  which  so  thickly  people  the  sur^&oe  of  the 
^obe ;  and  it  is  only  in  order  to  become  acquainted  with  these 
HKNre  readily,  that  the  Naturalist  arranges  or  classifies  them, 
placing  those  together  which  have  most  in  cornmo^^  and  sepa- 
rating these  from  others  which  are  widely  different.  Olasafica- 
tion,  therefore,  is  not  the  object  of  Natural  History,  but  a  means 
of  gaining  that  object ;  and  it  is  very  easy  to  enter  upon  many 
interesting  inquiries,  without  the  slightest  knowledge  of  it.  The 
strocture  and  actions  of  Man,  for  example,  may  be  examined  in 
the  greatest  detail,  without  knowing  anything  of  his  place  in  the 
general  scale  of  being  (although  such  knowledge  will  often  shorten 
the  stndent's  labour) ;  and  other  kinds  of  animals  and  plants  may 
be  observed  in  the  same  manner.  In  fSsust,  several  of  the  most 
valuable  and  interesting  observations  we  possess,  upon  the  habits 
and  actions  of  particular  animals,  were  made  by  hose  who  de- 
voted ihemselves  almost  exclusively  to  that  special  object.  Thus 
it  is  scarcely  out  of  ihe  power  of  any  one  to  contribute  something 
to  the  general  stock  of  knowledge;  still  less,  then,  can  any  be 
prevented  from  adopting  some  department  of  this  pursuit,  for  the 
health  and  invigoration  of  their  own  minds. 

The  study  of  the  structure  and  actions  of  PUnts,  constituting 
what  is  known  as  Ybobtable  Phtsiologt,  has  been  less  brought 
under  the  notice  of  those  who  pursue  Natural  History  only  for 
the  improvement  and  recreation  of  their  minds,  than  it  perhpas 
deserves.  In  regard  to  the  importance  of  the  Vegetable  King- 
dom in  the  economy  of  Nature,  it  can  scarcely  be  said  to  rank 
lower  than  the  Animal  Creation;  for  all  Animals  are  either 
directly  or  indirectly  dependent  upon  Vegetables  for  their  suste- 
■ance,  and  must  cease  to  exist  if  they  were  destroyed.    The 
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beauty  of  the  external  forms  of  Plants  is  surpassed  by  that  of 
their  internal  structure ;  and  the  investigation  of  the  latter  is 
more  easy  than  that  of  animals,  besides  being  imattendld  with 
many  drawbacks  which  must  elsewhere  be  encountered.  The 
objects  of  the  Physiologist  are  never  out  of  reach ;  for  barren 
indeed  must  be  that  countiy,  which  affords  no  shelter  to  the  pro- 
ducts of  the  Vegetable  Kingdom.  The  meanest  and  most  com- 
mon herbs  are,  in  his  eyes,  as  interesting  as  the  majestic  tree  or 
the  rarest  flower.  The  toilsome  labours  of  the  Collector,  who 
seeks  to  bring  together  in  his  cabinet  as  large  a  number  as  pos- 
sible of  the  different  tribes  of  plants  existing  on  the  surface  of  the 
globe,  are  not  required  by  him ;  nor  is  his  mind  fatigued  by  the 
difficulties  and  technicalities  of  classification.  And  what  ren- 
ders the  pursuit  of  this  branch  of  Natural  History  peculiarly 
adapted  to  the  female  sex,  is  its  freedom  from  the  necessity  of 
that  corporeal  suffering,  which,  however  laudable  its  ultimate 
objects,  the  truly  humane  will  always  dread  to  inflict  upon  beings 
that  have  feelings  like  their  own. 

The  object  of  the  following  Treatise  will  be,  therefore,  to  lead 
those  who  may  be  disposed  to  adopt  our  recommendation,  to  a 
pursuit  which  cannot  fail  to  prove  a  source  of  interest  and  im- 
provement. It  will  be  adapted  as  much  as  possible  to  such  as 
have  no  previous  information  on  the  subject,  beyond  that  which 
all  young  persons  of  ordinary  capacity  may  gain  by  themselves ; 
and  it  will  omit,  therefore,  several  topics  of  high  but  less  general 
interest,  which  those  who  feel  inclined  to  examine  them  will  find 
fully  treated  elsewhere. 

Wherever  circumstances  are  compatible  with  Vegetable  exist- 
ence, there  we  find  plants  arise.  It  is  not  only  on  the  luxuriant 
soil,  on  which  many  generations  have  flourished  and  decayed, 
that  we  find  the  display  of  their  beauties.  The  coral  island,  but 
recently  elevated  above  the  level  of  the  sea,  speedily  becomes 
clothed  with  verdure.     From  the  materials  of  the  most  ster^e 
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rode,  and  erea  from  the  yet  recent  cinders  and  lava  of  the 
volcano,  Nature  prepares  the  way  for  vegetable  existence.  The 
slightest  crevice  or  inequality  is  sufficient  to  arrest  the  invisible 
germs  that  are  always  floating  in  the  air ;  and  the  humble  plants 
which  spring  from  these  soon  overspread  the  surface,  deriving 
iheir  chief  nutriment  from  the  atmosphere.  Having  completed 
their  allotted  period  of  existence,  they  die  and  decay ;  but  thdr 
death  is  only  a  preparation  for  the  appearance  of  higher  forms  of 
vegetable  structure.  They  are  followed  by  successive  tribes  of 
plants,  of  gradually  increasing  sixe  and  strength  ;  until,  in  the 
course  of  years,  the  sterile  rock  is  converted  into  a  natural  and 
luxuriant  garden,  of  which  the  productions,  rising  from  grasses 
to  shrubs  and  trees,  present  all  the  varieties  of  the  fertile  meadow, 
the  tangled  thicket,  and  the  widely-spreading  forest. 

No  extremes  of  heat  or  cold  seem  to  put  an  entire  check  upon 
vegetation.  Even  in  the  desert  plains  of  the  torrid  zone,  the 
eye  of  the  traveller  is  often  refreshed  by  the  appearance  of  a  few 
hardy  plants,  which  find  sufficient  materiab  for  their  growth  in 
these  arid  regions.  And  wherever  a  spring  of  water  moistens  the 
soil  and  atmosphere  around,  a  spot  of  luxuriant  verdure  is  found. 
These  Oases,  as  they  are  termed,  are  the  stations  at  which  caravans 
halt,  when  crossing  the  extensive  wastes  of  parching  sand ;  and 
although  their  effect  upon  the  mind  is  doubtless  heightened  by 
the  dreariness  of  the  preceding  journey,  there  is  no  question  that 
few  spots  can  present  greater  richness  of  vegetation  than  these. 
It  will  be  seen,  hereafter,  that  heat,  light,  and  moisture  form 
the  drcumstances  most  favourable  to  the  growth  of  plants ;  and 
it  is  frx>m  the  combination  of  the  latter  of  these  conditions  with 
the  former,  that  the  vegetation  of  small  islands  in  the  tropical 
ocean  is  so  peculiariy  rich.  These  Oases  are  like  such  isluids  in 
the  midst  of  a  sea  of  sand ;  and  nothing  can  be  a  greater  contrast 
with  the  desolation  around,  than  ^^  the  green  pastures*'  and  ^^  still 
waters"  which  they  afford. 

Many  remarkable  facts  might  be  mentioned,  relative  to  the 


Digitized  by  VjOOQ IC 


0  INTRODUCTION. 

degree  of  beat  which  some  forms  of  yegetation  are  capable  of 
sustaiDui^  and  which,  to  some  species,  indeed,  appears  a  natural 
and  even  necessarjr  condition.  A  hot  spring  in  the  Manilla 
islands,  which  raises  the  thermometer  to  187%  has  plants  flou- 
rishing in  it  and  on  its  borders.  In  hot  springs  near  a  river  of 
Louisiana,  of  the  temperature  of  from  122^  to  145%  have  been 
seen  growing  not  merely  the  lower  and  simpler  plants,  but 
shrubs  and  trees.  In  one  of  the  Gejsers  of  Iceland,  which  was 
hot  enough  to  boil  an  egg  in  four  minutes,  a  species  of  Chara 
has  been  found  growing  and  reproducing  itself ;  and  vegetation 
of  an  humble  kind  has  been  observed  in  the  similar  boiling 
springs  of  Arabia  and  the  Gape  of  Good  Hope.  One  of  the 
most  remarkable  facts  on  record,  in  reference  to  the  power  of 
vegetation  to  proceed  under  a  high  temperature,  is  related  by  Sir 
G.  Staunton,  in  bis  account  of  Lord  Macartney's  embassy  to 
China.  At  the  island  of  Amsterdam  a  spring  was  found,  the 
mud  of  which,  far  hotter  than  boiling  water,  gave  birth  to  a 
species  of  Liverwort  (§.  32).  A  large  Squill  bulb,  which  it  was 
wished  to  dry  and  preserve,  has  been  known  to  push  up  its 
stalk  and  leaves,  when  buried  in  sand  kept  up  to  a  temperature 
much  exceeding  that  of  boiling  water. 

Even  the  extreme  of  cold  is  not  fatal  to  every  form  of  vegetable 
life.  In  the  realms  of  perpetual  frosty  the  snow  which  covers 
mountains  and  valleys,  and  whose  surface  scarcely  yields  to  the 
influence  of  the  solar  rays  at  midsummer,  is  in  some  places 
reddened  for  miles  together  by  a  minute  vegetable,  which  grows 
in  its  substance,  and  has  been  supposed,  from  its  very  rapid  in- 
crease, to  have  fallen  from  the  sky.  This  will  be  hereafter 
described  under  the  name  of  Bed  Snow  (§.  48),  which  is  that 
conwionly  applied  to  it.  The  Lichen  which  forms  the  winter 
food  of  the  Rein-Deer  (§.  39),  grows  entirely  buried  beneath 
the  snow ;  and  its  quantity  may  be  judged  of,  by  the  number  of 
the  animals  which  find  in  it  their  sole  support,  during  a  consider- 
able part  of  the  year. 
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Plants  are  found,  too,  in  situations  in  which  some  peooliar 
noxious  inflnenoe  might  be  supposed  entirelj  to  pverent  their 
growth ; — as  for  example,  in  sulphureous  springs.  In  fact,  there 
are  scarcely  any  circumstances,  in  which  there  is  not  some  kind 
of  plant  adapted  to  exist.  Thos,  it  is  well  known  that  soils, 
which  hare  any  considerable  admixture  of  metallic  ores,  are  not 
£aTourable  to  most  kinds  of  vegetation ;  and  among  such  soils, 
those  mixed  with  the  refuse  of  lead-mines  are  the  most  sterile,  so 
that  this  substance  is  often  mixed  with  gravel,  to  prevent  weeds 
from  growing  on  garden-walks.  Yet  even  on  heaps  of  this 
material,  thrown  up  around  the  openings  of  the  mines,  the 
Yemal  Sandwort  thrives,  growing  perhaps  even  more  luxuriantly 
than  in  any  other  situation. 

The  d^ree  in  which  vitality  is  sometimes  retained  by  Plants, 
under  conditions  apparently  the  most  unfiAvourable,  for  a  period 
to  which  it  is  difficult  to  assign  a  limit,  is  one  of  the  most 
interesting  and  curious  circumstances  in  their  economy.  In  the 
greater  part  of  those  inhabiting  temperate  climates,  an  apparently 
eomplete  cessation  of  activity  takes  place  every  year.  The  leaves 
wither  and  drop  ofiP;  the  stem  and  branches  are  reduced  to  a 
state  of  death-like  bareness ;  and  all  the  changes  in  which  life 
consists,  i^»pear  to  have  entirely  ceased.  In  some  instances,  the 
stems  also  die  and  decay,  the  roots  only  retaining  their  vitality; 
yet  horn  these,  with  the  return  of  the  genial  warmth  and  light 
of  spring,  a  new  stem  shoots  up,  and  new  leaves  and  flowers  are 
produced, — ^in  their  turn  to  wither  and  decay.  The  torpor  is 
not,  however,  so  complete  as  it  appears,  in  those  durable  and 
woody  stems  which  defy  the  winter^s  blast;  for  late  experiments 
have  shown  that  a  slight  movement  of  sap  takes  place  even  in  a 
frosty  atmosphere.  In  evergreen  plants,  on  the  other  hand,  this 
cessation  of  activity  is  iess  marked ;  but  the  difierence  between 
their  sammer  and  winter  condition  is  much  greater  than  is  ap- 
parent. In  all  these  cases,  however,  the  changes  are  periodical ; 
and  are  not  altogether  dependent  on  external  conditions.     For 
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nothiDg  will  preTent  a  plant  from  shedding  its  leaves  nearly  at 
its  usual  time ;  and  although  by  artificial  heat,  or  by  removal  to 
a  warmer  climate,  a  new  crop  can  be  brought  out  within  a  short 
interval,  this  exhausts  its  powers,  so  that  few  kinds  can  survive 
the  change  of  circumstances  for  any  long  period.  Moreover,  the 
period  of  inactivity  cannot  in  these  cases  be  prolonged  beyond  a 
certain  fixed  time ;  for  a  plant,  whose  growth  in  spring  is  checked 
by  the  protracted  influence  of  cold,  loses  its  vitality  altogether. 
But  there  are  some  instances  in  which  this  condition  may  be 
greatly  prolonged.  Bulbs,  for  example,  of  the  onion,  hyacinth, 
tulip,  Sec.  have  been  kept  for  many  years  in  this  donnant  state, 
capable  of  renewmg  the  active  processes  of  vegetation, — of 
shooting  up  leaves  and  flower-stems  into  the  air,  and  of  trans- 
mitting their  roots  into  the  soil — for  many  years;  and  there  does 
not  seem  any  particular  limit  to  this  power.  Instances  have 
been  related  of  the  growth  of  bulbs  unrolled  from  among  the 
bandages  of  Egyptian  mummies ;  but  there  is  reason  to  believe 
that  deception  has  been  practised  on  this  point  upon  the  too- 
ready  credulity  of  travellers, — still  there  is  nothing  impossible  in 
the  asserted  fact.  Light,  warmth,  and  moisture  are  the  causes 
of  the  growth  of  these  curious  structures ;  and  when  removed 
from  the  influence  of  these,  there  is  no  reason  why  a  bulb  should 
not  remain  unchanged  for  100  years,  if  it  can  for  10;  and  for 
1000,  if  for  100.  We  shall  hereafter  see  that  the  vitality 
of  seeds  under  similar  circumstances  appears  quite  unlimited* 
(Chap.  XII.) 

But  there  are  some  plants  which,  even  whilst  in  a  state  of 
active  vegetation,  are  capable  of  being  reduced  to  a  similar  torpid 
condition,  and  of  remaining  in  it  for  almost  any  length  of  time, 
without  injury  to  life.  Tliere  is  a  kind  of  Club-Moss  inhabiting 
Peru,  which  is  liable  to  be  entirely  dried  up,  when  deprived  of 
water  for  some  time.  It  then  folds  in  its  leaves  and  contracts 
its  roots,  so  as  to  form  a  ball,  which,  apparently  quite  devoid  of 
animation,  is  driven  about  hither  and  thither  by  the  wind ;  as 
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soon,  however,  as  it  reaches  a  moist  situation,  it  sends  down  its 
roots  into  the  soil,  and  unfolds  to  the  atmosphere  its  leaves, 
which,  from  a  dingy  brown,  speedily  change  to  the  bright  green 
of  active  vegetation.  The  Boss  of  Jericho  is  the  subject  of 
similar  transformatbns ;  and  the  common  Mosses  exhibit  the 
same  in  a  less  degree. 

These  conditions  are  not  the  only  ones  admitting  of  great 
variation,  and  yet  most  important  to  the  active  operations  of  the 
vegetable  structure.  Light  is  as  important  as  warmth  and 
moisture  to  the  processes  of  the  economy;  and  yet  we  find  plants 
adapted  to  thrive  under  the  almost  total  deprivation  of  it.  Sea- 
weeds possessing  a  bright  green  colour  have  been  drawn  up  from 
the  depth  of  more  than  100  fathoms,  to  which  the  sun's  rays  do 
not  penetrate  in  any  appreciable  proportion.  Many  of  the 
Mushroom  tribe  have  been  found  growing  in  caverns  and  mines, 
to  which  no  rays  from  the  sun,  either  direct  or  reflected,  would 
seem  to  have  access ;  and  even  more  perfect  plants  have  been 
observed  to  vegetate,  and  to  acquire  a  green  colour  (which  is  in 
general  only  produced  under  the  influence  of  strong  light),  in 
such  situations.  On  the  other  hand,  we  find  some  plants  adapted 
only  to  exist,  where  they  can  be  daily  invigorated  by  the  powerful 
rays  of  a  tropical  sun,  with  the  complete  daily  change  which 
results  from  their  total  absence,  during  a  large  part  of  the  twenty- 
four  hours;  whilst  there  are  others  whose  energies,  after  re- 
maining dormant  during  the  tedious  winter  of  the  arctic  regions, 
are  aroused  into  a  brief  activity  by  the  return  of  the  luminary  on 
whose  cheering  influence  they  depend,  and  whose  rays  are  not 
ivithdrawn  from  them  for  weeks  or  even  months  together. 
Neither  of  these  tribes  could  flourish,  if  transferred  to  the  cir- 
onmstances  of  the  other;  and,  opposite  as  these  circumstances 
are^  we  observe  that  the  Creator  has  adapted  living  beings  to 
inhabit  each,  with  equal  suitableness. 

This  adaptation  of  each  species  to  particular  circumstances,  is 
often  seen  in  an  interesting  manner  on  a  small  scale,  on  the  ex- 
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terior  of  large  trunks  of  trees,  old  towers,  &o.  which  are  thickly 
clothed  with  Mosses  and  lichens.  Muiy  of  these  avoid  the 
light ;  and  their  presence  indicates  the  north  side  of  the  body  to 
which  they  are  attached.  To  others,  again,  the  light  in  all  its 
strength  is  genial ;  and  they  frequent  the  southern  aspect ;  whilst 
other  forms,  intermediate  in  habits,  frequent  the  eastern  and 
western  sides ;  so  that,  on  going  round  such  a  tower  or  large 
trunk,  we  observe  a  succession  of  different  species  which  may  be 
compared  to  that  which  is  presented  in  the  various  latitudes, 
passing  from  the  equator  towards  the  pole.  A  similar  succession, 
on  a  larger  scale,  is  seen  on  ascending  a  high  moimtain  between 
the  tropics,  such  as  the  Peak  of  Teneriffe.  The  lower  portion 
exhibits  the  vegetation  of  the  surrounding  country,  in  all  the 
luxuriance  and  richness  of  an  island  in  the  torrid  zone.  Higher 
up,  the  traveller  meets  with  productions  similar  to  those  found 
on  the  borders  of  temperate  regions ;  and  to  these  succeed  those 
of  the  medium  temperate  zone.  Above  these  are  perceived  the 
alpine  plants,  which  in  northern  Europe  are  found  at  a  com- 
paratively trifling  elevation ;  and  to  these  succeeds  the  dreariness 
of  perpetual  snow.  These  five  distinct  zones  are  well  marked 
on  the  Peak  of  Tenerifie ;  each  having  a  certain  set  of  plants 
pueculiar  to  it,  as  the  plants  of  Northern  and  Southern  Europe, 
and  of  Northern  and  Central  Africa,  are  to  those  regions  re- 
spectively. 

Thus  we  see  that  on  no  part  of  the  earth's  surface,  under  no 
peculiarities  of  soil  or  climate,  is  vegetation  of  some  kind  or 
other  impossible.  Every  distinct  tribe  of  Plants  flourishes  natu- 
rally under  peculiar  oondition8,-*eome  preferring  a  warm  atmo* 
sphere,  others  a  cool  one ; — some  only  luxuriating  in  moisture, 
and  others  in  the  opposite  condition  of  dr3me6S ; — some  requiring 
the  most  intense  light,  and  others  only  growing  in  darkness. 
There  are  some  plants  which  are  very  deficient  in  the  power  of 
adapting  themselves  to  slight  changes  in  these  conditions ;  and 
these  are  accordingly  restricted  to  certain  localities  favourable  to 
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their  growth^  and  aie  hence  considered  tcktb  plants.  Tbiis,  for 
example,  there  are  certain  species  which  require  that  the  air  sur- 
roondiag  ihem  should  contain  a  minute  quantity  of  salt,  dissolved 
in  its  moisture ; — these  only  abound,  therefore,  near  the  sea- 
shore ;  but  they  are  seen  to  spring  up  in  the  neighbourhood  of 
salt-works,  or  on  lias  soils  which  contain  a  good  deal  of  saline 
maiter,  even  many  hundred  miles  inland, — their  seeds  being  con- 
Teyed  by  the  wind  or  by  birds,  which  have  spread  them  over 
the  whole  surface  of  the  earth,  but  iktre  only  meeting  with  the 
omditions  they  require  for  their  deyelopment.  On  the  other 
hand,  there  are  many  which  can  grow  in  almost  any  situation, 
and  which  can  adapt  themselves  to  a  great  variety  of  circum- 
stances, often  exhibiting  evident  changes  of  form  and  aspect, 
which  are  due  to  the  influence  of  these.  Such  are  common 
plants ;  and  many  of  them  are  among  those  most  serviceable  to 
man,  on  account  of  the  improvement  which  can  be  effected  in 
them  by  cultivation.  ,For  example,  the  Potato,  growing  in  its 
native  climate— the  tropical  portion  of  South  America — does 
not  require  for  the  growth  of  its  young  shoots  that  store  of 
nonrishment  which,  in  temperate  climates,  is  provided  in  its 
fleshy  tubers ;  and  the  edible  portion  is  thus  extremely  small, 
since  the  v^armth  and  moisture  constantly  supplied  to  it  de- 
velop the  grovnng  parts  vnthont  such  assistance.  But  when 
transplanted  to  colder  regions,  and  to  a  richer  soil,  that  store  is 
greatly  increased  in  amount,  and  becomes  one  of  the  most  im- 
portant of  all  articles  of  food  to  man.  If  it  were  not  for  this 
capability  of  adapting  itself  to  new  dbreumstanoes,  the  plant 
could  not  thrive  in  Northern  Ekirope;'£uice  its  own  powers  of 
growth  would  be  insufficient,  when  the  external  conditions  are 
so  much  changed.  But  it  is  this  very  capability  which  rendars 
it  so  usefid  to  man.  If  the  large  Potatoes  of  European  culti- 
vation be  planted  again  in  tropical  climates,  the  produce  is  little 
superior  to  that  of  the  original  stock ;  since,  when  circumstances 
no  longer  demand  it,  the  acquired  habit  ceases.     The  Cabbage, 
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Broccoli,  Cauliflower,  &c.,  are,  in  like  manner,  only  varieiisi  of 
one  species,  greatly  altered  by  cultivation ;  the  plant  which  was 
the  original  stock  of  all,  haying  been  formed  susceptible  of  more 
remarkable  changes  than  most  others,  and  thus  rendered  at  the 
same  time  useful  to  man,  and  very  easy  of  production. 

These  instances,  to  which  many  more  will  be  hereafter  added, 
will  suffice  to  show  that  it  is  not  only  in  their  original  state,  that 
the  adaptation  of  each  tribe  of  Plants  to  particular  circumstances 
is  exhibited ;  since  there  are  many  which  can  thus  spread  them- 
selves, or  may  be  spread  by  Man,  over  a  large  part  of  the  globe. 
And  in  this  capability,  no  less  than  in  their  original  aspect,  do 
we  recognise  the  wisdom  and  power  of  the  Almighty  Designer, 
who  willed  that  no  portion  of  the  globe  should  be  unclothed  by 
vegetation,  and  that  from  every  part  the  herbage  should  spring 
forth  for  the  supply  of  the  Animal  creation,  which  is  entirely 
dependent  on  it,  either  directly  or  indirectly,  for  its  sustenance. 

Such,  then,  being  the  universal  difiusion  of  these  beings,  it  is 
obvious  that  in  no  spot  can  he  who  seeks  to  make  himself  ac- 
quainted with  their  structure  and  habits,  be  without  some  subjects 
for  examination.  And  since  the  humblest  and  simplest  Plants 
are  found,  when  examined,  to  display  an  organisation  as  remark- 
ably and  beautifully  adapted  to  the  functions  they  are  to  perform, 
and  to  the  conditions  in  which  they  are  to  exist,  as  is  that  of  the 
highest  and  most  complicated,  there  is  no  reason  why  any  should 
be  neglected,  however  insignificant  they  may  appear. 

The  following  Volume  is  intended  to  serve  as  a  guide  to  those 
who  are  inclined  to  make  the  wonders  of  the  Vegetable  Kingdom 
an  object  of  their  regard,  'either  as  a  source  of  recreation,  or  with 
those  higher  views  to  which  the  student  of  Natural  History  can 
scarcely  avoid  being  led.  For  although  no  doubt  can  be  enter- 
tained by  the  reflecting  mind,  that  the  Power,  Wisdom,  and 
Goodness  of  the  Creator  are  everywhere  operating  with  equal 
energy,  whether  in  the  simple  but  majestic  arrangement  of  the 
heavenly  bodies,  or  in  those  changes  by  which  our  own  globe  is 
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rendered  fit  for  the  habitation  of  such  innumerable  multitudes  of 
liTing  beings,  no  one  can  help  feeling  that  it  is  in  the  structure 
and  actions  of  these  beings  themseWes,  that  these  attributes  are 
more  eyidently  manifested  to  the  intelligent  obserrer.  And 
although  the  Animal  kingdom  has  usually  been  regarded  as 
afibrding  more  remarkable  instances  of  their  display  than  the 
Vegetable  world,  it  may  be  doubted  whether,  when  the  latter  is 
more  closely  examined,  it  will  not  appear  equally  or  yet  more 
wonderful ; — the  simplicity  of  the  tMoiM  bemg  most  strikingly 
contrasted  with  the  yastness  of  the  endi  attained. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


CHAPTER  I. 

OP  THE  GENERAL  CHARACTERS  OP  LIVING  BEIKGS,  AND  THE 
DISTINCTION  BETWEEN  ANIMALS  AND  VEGETABLES. 

1 .  When  we  examine  any  common  Vegetable,  we  find  that 
it  is  composed  of  a  nnmber  of  parts,  difiering  in  their  form  and 
stmctnre, — snch,  for  example,  as  the  Mtem,  rwt$^  Uavei^  and 
Jiowen.     Each  of  these  we  might  again  subdivide  into  others ; — 

the  leaTSS,  for  example,  into  the  footstalk  on  which  they  are  sup- 
ported, and  the  expanded  portion  or  blade.  The  blade  of  the  leaf 
may  be  i^ain  distinguished  into  the  midrib  with  the  branching 
9em$  proceeding  from  it  (which  form  as  it  were  its  skeleton),  and 
the  soft  fleshy  portion  which  clothes  these ;  and  we  might  further 
convince  ourselves,  by  a  little  examination,  of  the  presence  of  a 
kind  of  skin  or  eutieley  which  envelope  the  whole.  Now  these 
several  parts  of  the  structure  of  a  plant,  which  have  their  respective 
uses  in  maintMuing  its  life, — the  roots,  for  example,  beiog  to 
suck  up  moisture  from  the  soil  through  which  they  spread  them- 
selves, and  to  fix  the  whole  structure  in  the  ground, — the  stem  to 
convey  this  to  the  leaves,  which  it  elevates  into  the  air,  and  ex- 
poses to  light  and  warmth, — ^the  leaves  to  convert  or  elaborate 
this  crude  fluid  into  nutritious  sap, — and  the  flowers  to  produce 
seed  by  which  the  being  propagates  its  race,— these  several  parts 
are  termed  tiie  orffom  of  whidi  the  plant  is  composed ;  and  the 
uses  of  these  parts — ^the  changes  they  perform — are  called  their 
fknctunu, 

2.  Now  it  is  in  the  presence  of  these  difierent  organs,  that  one 
of  the  chief  distinctions  exists,  between  those  structures  which 
possess  or  have  ever  possessed  life,  and  dead  inert  matter.  In  the 
stone  or  the  mass  of  metal,  we  perceive  that  every  part  is  similar  to 
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every  other  part ;  it  has  the  same  structure,  the  same  properties. 
If  it  possesses  the  crystalline  form,  it  may  be  reduced  into  an 
almost  indefinite  number  of  smaller  crystals  similar  to  itself; 
and  as  to  its  properties,  the  chemist  cares  not  (except  as  a  mattea 
of  convenience)  whether  he  examines  a  single  grain  or  a  mass 
of  a  ton  weight.  Nay,  of  many  substances  the  properties  are 
so  peculiar,  that  they  can  be  recognised  with  certainty  in  quan- 
tities so  minute  as  to  be  scarcely  visible ;  thus,  arsenic,  when 
administered  as  a  poison,  has  been  detected  after  death  in  a 
quantity  probably  less  than  the  hundredth  of  a  grain ;  and  yet 
the  experienced  chemist  has  no  hesitation  in  asserting  that  this 
minute  orystaUtne  metaUio  substance  is  arsenic,  because  he  recog- 
nises in  it  the  same  form  and  the  same  properties,  which  a  larger 
mass  of  that  substance  would  exhibit. 

3.  Far  diffiurent  is  it  with  regard  to  a  Plant  or  Animal. 
These  also  may  be  divided  and  subdivided;  but  they  then 
entirely  lose  their  original  character ;  for  the  parts  or  organs  no 
longer  bear  any  resemblance  to  the  vehole  or  to  each  other,  either 
in  form,  structure,  or  properties.  Thus,  then,  we  see  that  the 
bodies  which  are  formed  to  exhibit  those  actions  to  which  we 
give  the  general  term  of  Life,  are  peculiarly  distinguished  from 
dead  matter,  by  the  presence  in  them  of  a  number  of  parts  or 
or^fonsy  distinct  alike  in  their  form,  structure,  and  properties ; 
hence  such  are  called  organtBed  bodies.  On  the  other  hand, 
dead  inert  matter  may  be  divided,  with  any  degree  of  minute- 
ness, into  parts  similar  to  each  other  in  form,  structure,  and 
properties ;  hence  it  is  termed  inorgcmic^  or  destitute  of  organs. 

4.  There  is  another  peculiarity  possessed  by  living  beings, 
in  regard  to  their  actions  OTfimOioni.  Some  of  iiieee  actions  are 
governed  by  the  same  laws  as  those  which  operate  on  inorganic 
matter;  the  blood  is  propelled  by  the  heart  of  an  animal,  for 
example,  through  its  83rstem  of  branching  vessels,  just  upon  the 
same  principle  that  a  forcing-pump  drives  water  through  the 
pipes  which  convey  it  over  a  large  city.  But  the  nature  of  the 
force  is  quite  different.  In  the  latter  case  it  is  merely  mechani- 
caL  In  the  former  it  results  fiK)m  a  property  peculiar  to 
organised  structure,  and  especially  manifested  in  that  form  of  it 
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which  is  called  mutcle; — the  property,  namely^  of  contracting, 
when  a  stimulus  or  irritation  is  applied  to  it.  This  and  many 
other  properties,  therefore,  which  are  exhibited  by  organised 
strictures,  and  to  which  we  see  nothing  analogous  in  inorganic 
matter,  are  termed  into//  and  it  is  by  the  operation  of  these 
properties,  that  the  series  of  changes  is  produced,  which  consti- 
tutes the  Life  of  any  organised  being,  whether  Plant  or  Animal. 
Thus  the  heart  has  the  property  of  contractility,  which,  when 
exercised,  causes  its  contraction ; — ^the  eye  has  the  property  of 
receiying  the  impressions  of  light,  which,  when  exercised,  causes 
sensation ; — ^and  so  on. 

o.  It  may  be  asked, — whence  do  these  peculiar  properties 
arise?  Are  living  bodies  composed  of  different  dsments  from 
those  which  exist  around  us  in  the  form  of  dead  matter  ?  Or  are 
the  elements  the  same,  in  a  different  state  of  combination  ?  And 
can  we  attribute  the  peculiar  properties  of  organised  tissues  to 
tbe  peculiar  state  in  which  their  particles  exist  ? 

6.  To  this  it  may  be  replied,  that  there  is  no  element  entering 
into  tiie  composition  of  organised  bodies,  which  is  not  also  found 
in  the  world  around ;  and  further,  that  their  chief  elements  are 
yery  few  in  number,  compared  with  those  which  we  find  else- 
where. But  the  state  of  combination  in  which  they  exist  is 
altogether  peculiar,  and  such  as  the  chemist  cannot  imitate ;  any 
more  than  the  mechanic  can  imitate  the  arrangement  of  their 
particles.  In  fact,  every  organised  structure  with  which  we  are 
acquainted,  had  its  origin  in  another,  which  produced  a  germ 
capable  of  living  and  growing,  and  of  constructing  its  peculiar 
inbric  out  of  the  materials  it  derives  from  the  inorganic  world ; 
and  this  again  was  produced  by  a  former  one ; — and  so  on. 

7.  We  perceive,  therefore,  that — as  the  living  organised 
beings  which  we  now  witness  around  us,  are  all  the  descendants 
of  others,  whose  succession  we  might  trace  backwards  to  their 
first  parentage, — ^their  actions  are  as  much  the  results  of  the 
general  laws  which  the  Creator  of  all  impressed  on  the  frame  of 
His  firsl-formed  creatures,  as  are  the  movements  of  the  planets 
round  Uie  sun,  of  the  laws  which  He  impressed  on  them,  when 
He  first  set  those  glorious  spheres  in  motion.    These  laws  are 
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oontimially  maint&inad  by  Hit  superintenduig  agency,  withotit 
which  all  would  be  anarchy  and  conftinon. 

8.  It  would  aeem  to  be  a  part  of  the  exercise  of  those  lawa, 
that  living  beings  shoald  take  firom  the  inorganic  world  the  mate- 
rials of  their  utruoturey-^shonld  convert  these  into  parts  of  their 
own  fabric, — shoald  esdow  these  with  properties  similar  to  those 
which  their  previons  stmotures  posse8sed,«*-aiid  shoald  even  pro- 
dace  from  them  the  germs  of  new  stmctnres,  capable  of  perform- 
ing ihe  same  changes*  Thus,  the  gertn  contained  in  Uie  seed 
builds  up  the  beautiful  form  and  wondrous  stmctore  of  the  perfect 
tree,  with  scarce  any  other  materials  than  water  and  air ;  and  of 
these  it  not  only  constructs  its  own  stem,  leaves,  roots,  and 
flowers,  but  (what  seems  yet  more  extraordinary)  it  imparts  to 
its  seeds,  which,  when  separated  from  it  and  dried  up,  seem  as  it 
were  dead,  the  power  of  repeating  for  themselves  the  same  opera- 
tions. When  once  we  understand  it,  however,  as  a  general  law, 
that  it  is  a  property  of  organised  structures  to  produce  the  sanse, 
there  is  little  difficulty  in  comprehending  how  they  impart  to  tlie 
elements  they  employ,  properties  so  different  from  those  which 
they  previously  possessed.  For  we  find  in  every  case,  that  % 
change  at  combination  in  these  elements  is  attended  with  a  change 
m  their  properties.  Thus  an  acid  (such  as  oil  of  vitriol)  and  aa 
alkali  (such  as  soda)  have  properties  peculiar  to  themselvee,  and 
in  many  respects  contrary  to  those  of  each  other ;  but  when  they 
are  brought  together,  they  unite  into  a  new  compound,  which 
possesses  a  form  and  properties  differing  from  those  of  either  of 
its  elements.  Again,  sulphur,  nitre,  and  charcoal,  when  simply 
mixed  together  in  certain  proportions,  form  a  product,  gun- 
powder, which  possesses  properties  very  different  from  those  of 
either  of  its  elements.  Thus,  then,  we  see  that  there  is  nothing 
improbable  in  the  supposition,  which  all  analogy  supports,  that 
the  properties  peculiar  to  organised  structures  depend  upon  the 
peculiarity  of  their  constitution ;  and  this  peculiarity,  whi<^  the 
chemist  and  the  mechanic  alike  fail  to  imitate,  results,  as  we 
have  seen,  from  the  general  law, — that  organised  structures  can 
only  take  therr  origin  from  beings  already  possessed  of  life. 

9.  One  more  preliminarj  consideration  must  be  adverted  to. 
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before  we  quit  these  general  views.  The  properties  of  organised 
bodies  require  certaia  conditions  for  their  operation.  Thus,  a 
seed,  which  possesses  vital  properties  in  a  dormant  or  inactive 
condition,  and  which  may  retain  these  for  hundreds  or  even 
thousands  of  years,  if  placed  in  favourable  circumstances  so  to  do, 
begins  to  germinate  or  grow,  as  soon  as  it  is  submitted  to  tlie 
proper  degree  of  warmth,  moisture,  and  air.  These,  then,  are 
the  conditions  requisite  for  those  changes  which  we  call  its  Life ; 
for  the  dry  inactive  seed  can  scarcely  be  said  to  be  alive;  though, 
on  the  other  hand,  it  certainly  is  not  dead,  since  it  possesses 
those  properties  or  capabilities  which  enable  it  to  live  when  placed 
in  favourable  circumstances.  Again,  suppose  a  Plant  to  be 
actively  vegetating  under  the  influence  of  light,  warmth,  and 
moisture,  and  to  be  suddenly  deprived  of  all  these^ — ^by  being 
carried,  for  example,  into  a  cold  dark  cellar ; — all  its  vital  pro 
cesses  receive  a  check,  and  it  either  dies,  or,  if  sufficiently  hard} 
to  sustain  the  shock,  it  remains  inactive  until  the  necessary  con  . 
ditions  of  its  growth  be  renewed.  These  conditions  are  techni- 
cally called  the  etimuli  to  vital  actions ;  and  thus  we  see  that 
Life  is  the  result  of  the  operation  of  these  stimuli  upon  organised 
structures  possessed  of  peculiar  properties.  In  attempting, 
therefore,  to  understand  the  history  of  Vegetation,  we  have  three 
things  to  consider ;  in  the  first  place,  the  nature  of  the  structure 
of  plants ;  next,  the  properties  which  their  several  kinds  of  struc- 
ture respectively  possess ;  and  lastly,  the  operation  of  various 
external  stimuli  upon  these  properties,  so  as  to  produce  vital 
actions. 

10.  In  considering  the  history  of  Animal  Life,  exactly  the 
same  course  will  be  gone  through ;  but  there  will  then  be  an 
additional  subject  to  be  treated  of ;  namely  the  internal  stimuli, 
arising  from  the  will  of  the  being,  which  cause  those  actions  that 
are  termed  spontaneous^  since  they  have  no  direct  dependence 
upon  external  stimuli,  but  originate  in  the  animal  itself.  In  tho 
history  of  Man,  these  actions  evidently  form  a  large  part ;  but  in 
the  lowest  animals  they  are  very  obscure,  and  can  often  scarcely 
be  distinguished  from  the  actions  of  plants.  But  even  in  man 
we  have  no  difficulty  in  recognising  a  great  number  of  actions 

c  2 
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analogous  to  those  which  oonstitnte  the  whole  life  of  plants. 
Thus  the  absorption  of  food,  its  conyersion  into  a  nntiitious  fluid, 
the  circulation  of  this  through  the  STstem,  its  purification  by 
exposure  to  the  air,  and  the  formation  firoin  it  of  new  structures 
or  the  reparation  of  the  old, — are  all  actions  oyer  which  the 
mind  and  will  haye  no  direct  control,  which  go  on  quite  inde- 
pendently of  it,  and  which  may  be  regarded  as  perfectly  ana- 
logous to  the  same  functions  in  plants.  Hence  they  receive  the 
name  of  functions  of  regetaiive  or  organic  life ;  whilst  those  of 
sensibility  and  power  of  spontaneous  movement  are  termed  func- 
tions of  animal  life,  as  being  peculiar  to  that  division  of  organised 
Nature.  In  fact  it  is  by  their  presence  or  absence,  that  the 
Animal  or  Vegetable  character  of  a  being  must  really  be  deter- 
mined. For  though  the  external  peculiarities  of  the  higher 
kinds  of  Plants  and  Animals  are  quite  sufficient  to  distinguish 
them  from  each  other,  yet  there  are  many  forms  of  the  latter  so 
low  and  simple,  and  so  destitute  of  all  that  is  regarded  as  pecu- 
liar to  the  Animal,  that  they  cannot  be  readily  distinguished 
from  Plants. 

11.  It  is  in  these  lowest  forms  of  both  kingdoms,  that  we 
recognise  the  nearest  approach  to  inorganic  matter.  For  we 
gradually  lose,  in  descending  the  scale,  nearly  all  appearance  of 
distinct  organs ;  so  that  the  simplest  plants — that,  for  example, 
which  constitutes  the  Red  Snow  of  Alpine  and  Arctic  Regions 
(^.  48) — instead  of  having  stems,  roots,  leaves,  and  flowers, 
present  us  with  apparently  but  a  single  organ,  namely,  a 
globular  cell  or  little  bag  containing  fluid.  Even  here,  how- 
ever, we  shall  subsequently  find  that  tliere  is  a  distinction  of 
parts ;  and  that,  whilst  the  external  surface  is  destined  to  imbibe 
nutriment  frt>m  the  moisture  and  air  around,  the  internal  forms 
the  germs  by  which  this  nmple  little  being  is  multiplied  to  a 
prodigious  extent. 
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12.  When  we  examine,  however  cunorily,  the  nature  of  the 
PUnts  around  us,  we  at  once  perceive  that  their  growth  and  suc- 
cession are  regulated  hy  certain  law$.  Thus  we  observe  that  all 
have  a  period  of  life  to  which  they  are  more  or  less  closely  limited. 
Many  of  our  commonest  cultivated  vegetables,— the  Com,i  the 
Beans,  the  Turnips  of  our  fields,  and  many  of  the  plants  which 
enrich  our  gardens  with  their  flowers, — live  but  for  a  single 
summer  ;  springing  up  from  seed,  uprearing  a  lofty  stem, 
putting  forth  expanded  and  luxuriant  foliage,  unfolding  gay 
and  numerous  blossoms,  and  finally  withering  away  and  under- 
going complete  decay,  in  the  course  of  a  few  months.  In  others, 
on  the  contrary,  the  duration  of  life  is  so  great  that  it  ieeim  to 
be  unlimited ;  but  there  is  good  reason  to  believe,  that  the  forest 
trees,  which  lift  their  massive  stems  to  the  light  of  day  through 
a  succession  of  many  hundred  years,  have  an  appointed  limit  to 
their  lives  as  regular  as  that  of  man, — varying,  like  his,  in  indi- 
vidual cases,  according  to  the  circumstances  of  each.  Every 
plant,  then,  has  a  period  allotted  by  the  great  Creator  of  all,  for 
its  springing  from  seed,  the  unfolding  of  its  leaves,  the  expansion 
of  its  blossoms,  and  its  subsequent  death  and  decay ;  but  while 
death  is  the  lot  of  each  generation  that  **  cometh  up  and  is 
withered,"  the  perpetuation  of  the  race  is  accomplished  by 
another  law,  which  provides  for  the  production  by  each  indi- 
vidual, before  its  own  dissolution,  of  the  germs  of  new  individuals, 
from  which  plants  may  arise,  that  go  through  their  aUotted 
period  of  life,  and  in  their  turn  decay,  after  producing  the  germs 
of  a  succeeding  generation. 
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1 3.  Now  besides  these  evident  laws,  another  may  be  detected 
by  a  little  observation, — that  the  beings  produced  from  these 
germs  are  in  every  essential  respect  similar  to  their  parents:  and 
that  thus,  after  many  thousands  of  geneiatioas,  every  plant  or 
tree  of  the  present  day,  may  be  regarded  with  certainty  as  having 
had  a  representative,  at  the  period  of  the  creation  of  the  vegeta- 
tion which  now  clothes  our  globe. 

14.  The  exceptions  which  may  seem  to  exist  in  regard  to 
this  law  are  so  in  appearance  only.  The  seeds  of  any  particular 
kind  of  Apple,  for  instance,  will  not  produce  the  same  kind  with 
any  certainty,  but  are  as  likely  to  give  origin  to  trees  that  shall 
bear  very  different  and  far  inferior  fruit.  The  same  be  said  of 
the  cultivated  Dahlia,  which  presents  so  many  beautiful  varieties 
of  colour ;  the  seed  of  a  white  flower  is  not  much  more  likely  to 
produce  white  Dahlias,  than  one  with  yellow  or  purple  flowers. 
But  in  these  and  many  more  such  instances,  the  different  kinds 
are  first  produced  by  the  influence  of  cultivation  only,  and  had 
all  originally  but  one  stock  ;  and  it  is  this  stock,  common  to  all 
kinds,  which  the  seed  has  a  tendency  to  perpetuate,  rather  than 
any  one  of  the  varieties  which  have  been  obtained  from  it  by  the 
art  of  man ;  and  we  never  find  any  tendency  to  produce  a  plant 
of  an  entirely  different  kind.  Thus,  the  sour  Crab  is  the  stock 
of  all  the  rich  and  delicate  varieties  of  the  Apple ;  and  if  the 
seeds  of  any  of  these  be  sown  in  a  poor  soil,  the  plant  will  bear 
fruit  resembling  that  of  the  original;  but  still  it  will  be  an  Apple, 
and  never  a  Pear  or  a  Quince,  or  any  other  of  the  kinds  most 
nearly  allied.  In  the  same  manner,  the  original  stock  of  the 
Dahlia  is  a  plant  having  a  very  ordinary  yellow  flower,  with  but 
one  circle  of  coloured  florets  ;  but  by  the  influence  of  cultivation 
the  number  of  these  circles  is  much  increased,  and  the  colours 
are  deepened  and  enriched,  as  well  as  almost  infinitely  varied. 
The  seeds  of  any  of  these,  however,  when  sown  in  a  poor  soil, 
will  produce  a  plant  resembling  the  original  parent ;  and  thus  it 
is  seen  that  there  is  no  real  exception  in  such  cases  to  the  general 
law, — that  the  form  of  the  specie$  or  distinct  kind  is  propagated 
without  any  important  alteration  through  successive  generations; 
so  that  we  may  regard  all  the  tribes  of  plants,  really  distinct 
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from  one  another,  as  having  «aLited  in  nearly  the  same  form 
since  their  first  creation. 

15.  The  Naturalist,  then,  regards  as  diitmct  ipecies  those 
races  of  Plants,  the  differences  between  which  are  evident,  and 
are  such  as  are  not  likely  to  have  resulted  from  cultivation  or 
any  other  external  cause,  and  do  not  exhibit  any  tendency  to 
alteration  in  progress  of  years.  Such,  for  example,  are  those 
between  the  Apple  and  Pear  among  Plants,  or  the  Dog  and  the 
Fox  among  animals*  Among  all  the  varieties  of  the  Apple,  dif- 
ferent as  they  are  from  one  another,  there  is  none  which  exhibits 
any  close  re:iemblance  to  the  Pear ;  and  of  all  the  kinds  of  Pear, 
there  is  none  which  so  far  loses  its  distinguishing  characters,  as 
to  show  any  great  similarity  to  the  Apple.  And  yet  among  tlie 
varieties  of  the  latter,  there  are  kinds  which  are  more  different 
from  each  other  in  size,  shape,  colour,  flavour,  &o.,  th^  some  of 
these  are  from  the  Pear ;  but  while  all  these  show  a  marked 
tendency  to  change  under  different  circumstances  of  growth,  the 
internal  differences  between  the  Apple  and  Pear  never  exhibit 
any  such  tendency,  but  remain  constant  through  all  the  varieties 
of  each.  The  same  may  be  said  of  the  Dog  and  the  Fox  ;  for, 
though  some  varieties  or  breeds  of  the  former  seem  to  differ  from 
each  other  more  than  they  do  from  the  Fox,  yet  these  differ- 
ences are  liable  to  disappear  altogether  when  the  animals  return 
to  a  wild  state,  all  merging  in  a  form  most  nearly  resembling 
that  of  the  Shepherd's  dog ;  whilst  the  differences  between  the 
Fox,  and  the  breeds  of  Dog  most  nearly  allied  to  it,  are  con- 
stantly manifested. 

1 6.  On  the  other  band,  the  Naturalist  regards  a&  varieticM  of 
the  s(Mme  ipedef^  those  Plants  and  Animals,  in  tlie  various  specie 
mens  of  which,  however  dissimilar  they  may  be,  the  points  of 
difference  exhibit  such  a  tendency  to  variation,  that  the  oiie  kind 
passes,  as  it  were,  into  the  other.  Thus,  the  Grayhound  and 
the  Bull-Dog  would  be  regarded  as  springing  from  originally 
different  stocks,  if  we  did  not  meet  with  intermediate  forms  of 
the  Dog^  which  bl^id  the  peculiar  characters  of  both.  And  tbu 
Primrose,  Cowslip,  and  Polyanthus  have  been  regarded  as  dis- 
tinct ^ecies,  so  considerable  are  their  differences  in  form  and 
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structure ;  but  the  botaoist  is  now  aware,  that  man^r  forms  exi^t, 
which  are  intermediate  between  these,  and  that  all  may  be  raised 
from  one  stock.  The  same  is  the  case  with  manj  other  kinds  of 
Plants. 

1 7.  This  explanation,  will,  it  is  hoped,  make  the  meaning  of 
the  term  speciei  understood ;  and  it  is  yery  desirable  that  clear 
notions  on  the  subject  should  be  acquired  by  the  student  of 
Natural  History  at  the  Tery  commencement  of  his  attention  to 
the  pursuit.  It  is  computed  that  from  70,000  to  80,000  distinct 
species  of  Plants  have  been  collected  by  Botanists  from  the 
surface  of  the  globe ;  and  probably  at  least  as  many  more  remain 
to  be  discovered.  It  is  obvious  that  an  acquaintance  with  the 
structure  and  characters  of  such  a  vast  number  of  difierent  races, 
will  be  rendered  much  easier  by  classifying  or  arranging  them, — 
placing  those  together,  which  have  a  greater  or  less  amount  of 
general  resemblance ;  and  separating  others,  according  to  their 
amount  of  difference.  It  is  only  in  this  manner,  indeed,  that 
any  one,  within  the  compass  of  a  single  life,  can  become  master 
of  the  whole.  In  making  such  an  arrangement,  those  species  are 
first  assembled  into  a  group,  termed  a  genuSy  which  resemble 
each  other  in  all  the  more  important  particulars,  and  differ  only 
in  minor  details.  For  example,  the  different  kinds  of  Roses  among 
plants,  and  the  Lion,  Tiger,  Leopard,  and  other  species  of  the 
Cat  kind  among  animals,  are  considered  as  belonging  to  the  Same 
genus, — their  points  of  agreement  being  far  more  numerous  than 
those  of  difference.  Several  genera  may,  in  like  manner,  be 
united  into  a  family;  the  various  members  of  which  have  a 
common  resemblance,  though  with  many  subordinate  differences. 
By  continuing  to  pursue  the  same  plan,  we  form  divisions  of 
greater  and  greater  extent ;  until  we  are  at  last  brought,  by 
uniting  subordinate  ones,  to  the  primary  divisions,  into  which 
the  whole  kingdom  may  be  at  once  distributed ;  each  of  which 
divisions  contains  a  large  number  of  very  dissimilar  groups, 
united  together  by  some  common  points  of  general  resemblance. 

1 8.  Perhaps  an  illustration  may  make  this  subject  better  un- 
derstood. If  we  were  to  examine  the  people  of  any  nation,  in 
which  there  had  been  but  little  intermixture  among  its  different 
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tribefl  (as  was  formerly  the  case  in  ScoUand  in  regard  to  the 
clans)^  we  might  find  a  group  of  persons  resembling  each  other 
so  strongly  in  countenance,  manners,  form  of  speech,  &c.^  and 
differing  so  much  from  all  around  them,  that  we  should  have 
little  doubt  of  their  belonging  to  one  family;  and,  going  further, 
we  might  meet  with  seTeral  such  groups,  each  containing  seTeral 
individuals,  and  each  differing  in  other  characters  from  the  rest. 
But  if  we  were  to  bring  these  families  together,  we  should  pro- 
bably be  able  to  trace  more  general  and  less  marked  resemblances 
among  certain  of  these,  which  would  lead  us  to  associate  them 
in  dans,  each  of  them  including  many  families  distinguished  by 
certain  points  of  simihirity  to  one  another, — as,  for  example,  a 
strongly-marked  feature  or  a  peculiar  dialect, — whilst  differing  in 
these  same  points  from  those  of  the  remaining  clans,  and  also 
differing  from  each  other  in  minor  points.  Again,  among  these 
dans  we  might  find  some  resembling  each  other,  and  differing  frx>m 
the  rest,  in  their  complexion  or  language ;  and  thus  forming  tribes 
into  which  the  whole  nation  might  be  sabdivided.  And,  lastly, 
this  nation  would  have  certain  points  of  conformity  with  those 
inhabiting  the  same  quarter  of  the  globe,  whilst  yet  differing  still 
more  strongly  from  them,  than  its  own  tribes  do  amongst  each 
other:  and  those  inhabiting  different  quarters  shall  still  more 
widely  differ  from  each  other,  in  general  conformation,  com- 
plexion, language,  habits,  &c. ;  whilst  still  exhibiting  those 
characters  which  are  peculiar  to  Man^  and  which  separate  him 
from  all  other  animals. 

19.  The  primary  division  of  the  Vegetable  Kingdom  is  into 
Phanbrooamia  or  Flowering-plants,  and  Cbtptooamia  or 
Floweriess-plants.  Though  these  designations  are  not  strictly 
correct,  they  serve  to  indicate  sufficiently  well  the  character  of 
the  tribes,  to  which  they  respectively  apply.  To  the  former 
division  belong  nearly  all  cultivated  vegetables, — the  whole  of 
the  forest-trees  both  of  our  own  and  of  other  countries, — and  a 
very  large  proportion  of  the  vegetation,  that  naturally  covers  the 
surface  of  the  earth,  in  temperate  and  warm  climates.  Many  of 
the  tribes  contained  in  it,  however,  produce  no  distinct  blossom ; 
but  these  possess  the  essential  parts  of  the  flower  (as  will  be 
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hereafter  explained),  and  form  that  perfect  seed,  which  is  cha- 
racteristic of  this  division.  In  all  the  Phanerogam i a,  (save  in 
a  few  exceptions  which  stand,  as  it  were,  on  the  border  of  the 
division,  and  connect  it  with  that  of  CrTptogamia,  of  which  they 
exhibit  some  of  the  characters,)  we  find  a  certain  number  of 
distinct  parts, — such  as  the  stem,  roots,  leaves,  and  flowers ;  and 
the  germs  by  which  they  propagate  their  race,  oome  to  an 
advanced  state  before  quitting  the  parent,  and  are  famished  with 
a  store  of  nourisliment,  by  whicli  they  are  afterwards  assisted  in 
their  growth.  The  s^  of  these  pknts  has,  therefore,  a  complex 
structure;  and  the  young  plant  shoots  from  it  in  a  certain 
determinate  manner  (Chap.  xii.). 

20.  In  the  Cryptooamia,  on  the  other  hand,  the  parts  con- 
cerned in  the  reproductive  process  are  much  less  evident,  and  the 
germs  which  they  form,  are  much  less  matured  when  they  quit 
the  parent  structure.  In  the  Mosses,  Ferns,  Sea- Weeds,  &c.  tiu 
feeds  are  produced :  bot  a  number  of  small  particles  are  liberated, 
which  are  termed  eporei ;  and  each  of  these  contains  within  it 
several  minute  germs,  which  spring  from  it  without  any  par- 
ticular regularity,  and  which  are  not  assisted  in  their  growth  by 
any  such  store  of  nutriment,  as  that  provided  in  the  seed.  The 
absence  of  this  is  a  very  important  character;  for  it  seems  a 
universal  law  of  Nature,  that  the  higher  the  grade  a  living  being 
is  ultimately  to  attain,  the  longer  is  the  period  during  whicli  it 
is  assisted,  either  directly  or  indirectly,  by  its  parent,  during  the 
early  stages  of  its  growth.  Thus  Quadrupeds,  which  bring  forth 
their  young  alive,  and  maintain  them  afterwards  by  suckling, 
are  higher  than  Birds,  which  produce  them,  in  the  first  instance, 
in  a  state  far  less  mature.  And  Man,  who  in  his  adult  age  rises 
far  above  all  other  animals,  is  longer  dependent  upon  his  parent 
during  the  period  of  inftmcy. 

21.  The  embryo  of  the  Flowering-plant,  contained  in  the 
mature  seed,  is  so  far  advanced  at  the  time  of  quitting  its  parent, 
^at  it  possesses  one  or  two  distinct  leafy  bodies,  termed  cotyledon», 
which,  when  the  seed  begins  to  genninate  (as  it  is  called),  ai  e 
pudied  up  to  the  surface  of  the  ground,  and  there  turn  to  a  green 
colour,  and  perform  all  the  functions  of  true  leaves,  until  these 
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make  their  appearance.  Now  of  all  trace  of  cotyledons,  the 
embryo  of  the  Flowerlesa-plant  is  entirely  destitute;  and  the 
whole  group  is  hence  spoken  of  as  Acotyledonous.  On  the  other 
hand,  of  the  Flowering-plants,  some  possess  ons^  and  others  tico 
cotyledons ;  and  this  difference  in  the  structure  of  the  seed  is 
accompanied  by  so  many  other  differences  in  the  structure  of  the 
stems,  the  leaves,  flowers,  &c.,  that  it  serves  to  mark  the  two 
principal  subdivisions  of  this  portion  of  the  Vegetable  Kingdom. 
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That  in  which  one  cotyledon  exists  is  termed  MonocotyMonout ; 
and  that  in  which  there  are  two,  Dicotyledonous.  The  common 
Bean  or  Pea  will  serve  as  a  characteristic  illustration  of  the 
latter ;  and  the  Wheat  and  other  Grass-seeds,  of  the  former. 

22.  The  general  aspect  of  the  Flowering-plauts  is  sufficiently 
well  known,  to  render  a  more  minute  account  of  them  hero 
unnecessary ;  since  the  object  of  this  preliminary  view  of  the 
Vegetable  Kingdom,  is  te  render  the  student,  who  may  have 
been  previously  entirely  ignorant  of  the  subject,  prepared  to 
enter  with  advantage  on  that  detailed  description  of  the  mode,  in 
whicH  the  several  tribes  grow  and  reproduce  themselves,  which 
it  is  the  object  of  the  Physiological  portion  of  this  Volume  to 
communicate.  A  fuller  sketch  of  the  principal  divisions  of  the 
Cryptogam ia  will,  however,  now  be  given,  as  few  ordinary 
observers  bestow  much  attention  on  them. 

23.  Of  all  the  Cryptogamia,  the  Perns  approach  most  nearly 
to  Flowering  Plants.     The  general  aspect  of  those  inhabiting  this 
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and  other  temperate  countries,  is  well  known.  They  present  a 
small  number  of  leaves, — generally  much  diyided  into  leaflets,  and 
these  again  often  minutely  subdivided,—- each  arisiDg  firom  the 
ground  by  a  woody  stalk,  which  is  commonly  regarded  as  the 
stem  of  the  plant.  The  true  stem,  however,  is  buried  beneath 
the  ground,  or  sometimes  creeps  along  its  surface ;  and  the 
branches  it  sends  upwards  into  the  air,  are  really  the  leaf-stalks. 
(Fig.  2).  In  many  Ferns  of  tropical  climates,  the  true  stem 
rises  upriglrt,  like  that  of  a  tree,  and  bears  at  the  top  a  beautiful 
crown  of  those  peculiarly  graceful  leaves,  for  which  tb**  Ferns 
are  remarkable.  The  height  of  these  Tree  Ferns,  which  are 
most  luxuriant  in  the  small  islands,  where  they  are  furnished 
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with  a  more  regular  supply  of  atmospheric  mo'stiire  than  tliey 
can  obtain  at  a  greater  distance  from  the  sea,  is  sometimes  as 
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mnch  as  40  or  45  feet ;  so  that  we  mast  not  jadge  of  the  whole 
race,  by  the  comparatiTely  insignificant  specimens,  which  oar  own 
climate  produces.  These  stems  do  not,  however,  afford  any 
wood  sufficiently  solid  to  be  employed  in  the  arts.     (Fig.  3.) 

24.  The  organs  of  reproduction  in  Ferns,  have  no  evident 
analogy  with  the  flowering  system  in  higher  plants.  Nothing 
like  a  flower  is  ever  seen  in  this  group ;  and  the  fructification  is 
incorporated,  as  it  were,  with  the  leaves, — being  generally  found, 
when  mature,  in  brown  spots  or  lines  on  their  under  surface  or 
at  their  edges  (Fig.  2)  ;  the  nature  of  the  organs  composing  these 
will  be  hereafter  described  (Chap.  xii.).  In  most  Ferns,  a// 
the  leaves  are  concerned  in  producing  the  fructification  ;  but  in 
some  (of  which  the  Oimunda  r^galU^  or  Flowering-Fern,  as  it 
is  commonly  but  incorrectly  tenned,  is  an  example)  certain 
leaves  are  devoted  to  the  production  of  the  fructification,  and  are 
ttsm^AfertUe :  whilst  others  only  perform  the  usual  functions  of 
leaves,  and  are  called  sterile  leaves,  from  the  absence  of  repro- 
ductive power  in  them.  The  term  /rond  is  generally  applied  to 
the  leafy  portions  of  the  Cryptogamia,  as  distinguishing  them 
from  the  true  leaves  of  Flowering  Plants,  which  have  only  one 
set  of  offices  to  perform.  Sometimes  the  fertile  frond  of  Ferns 
altogether  loses  its  leafy  aspect,  its  edges  being  completely  rolled 
in,  so  as  to  inclose  the  fructification ;  and  this  separation  of  the 
reproductive  from  the  nutritive  portion  of  the  system,  which 
makes  the  distinction  in  Flowering-plants  between  the  flowers 
and  the  leaves,  is  as  complete  as  any  which  the  Cryptogamia 
exhibit. 

25.  One  of  the  most  interesting  peculiarities  of  the  Ferns,  is 
the  spiral  mode  in  which  its  leaflets  and  leaves  are  rolled  up, 
before  their  first  appearance ;  sach  leaflet  being  rolled  up  towards 
the  rib  which  supports  it, — the  ribs  again  towards  the  midrib, 
and  the  midrib  towards  the  footstalk.  The  unfolding  leaves,  in 
a  state  closely  resembling  those  represented  at  the  top  of  Fig.  3, 
may  constantly  be  seen  during  spring,  in  spots  where  this  group 
abounds ;  and,  when  examined,  display  the  most  provident  and 
beautiful  arrangement  of  the  numerous  minute  parts,  of  which 
the  whole  leaf  consists.     Few  common  objects,  indeed,  are  more 
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interesting  than  this^  which  requires  neither  skill,  nor  the  assist- 
ance of  instrmnents,  for  the  detection  of  its  beauties. 

26.  Although  Ferns  constitute  but  a  comparatiTelj  small 
part  of  the  present  vegetation  of  this  country,  they  must  have 
been  much  more  abundant  in  a  former  period  of  the  earth ''s 
history,  especially  at  the  time  when  the  beds  of  coal  were  being 
formed ;  since  their  remains  now  constitute  by  for  the  largest 
part  of  those,  which  are  preserved  to  us  with  tolerable  perfection 
hi  a  fossil  state.  This  is  partly  due,  however,  to  the  remarkable 
power  which  these  pUnts  possess,  of  resisting  the  action  of  water ; 
by  which  other  plants  and  trees  were  decomposed, — their  remains 
having  contribnted  to  form  those  imnwnse  masses  of  Coal,  whidi 
are  so  important  to  Man,  not  only  for  his  personal  comfort,  but 
for  the  arts  of  life.  The  Ferns  are  able  to  withstand  the  effects 
of  even  a  very  prolonged  immersion  in  water,  with  scarcely  any 
change  ;  whilst  not  only  the  soft  tissue  of  phints,  but  the  heart- 
wood  of  most  trees,  decays  so  completely  under  the  same  circum- 
stances, as  to  leave  little  or  no  traces  of  their  character.  In  tro- 
pical islands,  the  Ferns  constitute  a  most  important  part  of  the 
whole  vegetation ;  being  equal  in  nainber,  in  the  Sandwich 
Islands,  to  one-fotrrth,  and  in  Jamaica  to  one-ninth,  of  all  the 
Flowering-plants  existing  in  each  of  these  localities. 

2 7 .  The  next  principal  group  of  Cryrptogamia,  that  of  Mosses^ 
is  as  interesting  from  the  deKoacy  and  minuteness  of  all  the  plants 
composing  it,  as  other  tribes  of  the  Vegetable  Kingdom  are  for 
the  majesty  of  their  forms,  or  the  vast  extension  of  their  foliage. 
These  are  so  generally  and  easily  recognised  as  such,  that  a  minnte 
description  of  them  is  at  present  unnecessary ;  but  it  should  be 
stated  that  the  term  Mas  is  commonly  applied,  not  only  to  the 
true  Mosses,  but  also  to  many  Lichens.  The  true  Mosses,  how- 
ever, are  lUways  to  be  known,  by  the  green  colour  they  possess, 
except  when  dried  up ;  while  tlie  Lichens  are  usu^ly  grayish  in 
their  aspect.  Mosses  usually  possess  a  sort  of  stem,  round  which 
the  minute  leaves  are  arranged  with  great  beauty  and  regu- 
larity ;  but  neither  this  stem,  nor  the  leaf-stalks  of  the  leaves, 
have  any  truly  woody  structure ;  and  they  mor^  closely  resemble 
the  simple  tissue  of  the  lowest  plants,  than  the  complex  fieibric 


Digitized  by  VjOOQIC 


MOSSES. — MtlNOO    PARR. 


31 


"^fllJ^^Tl^V 


FlO.  4.— llyPNUM     CA8tRB.VSJ«,     UR    FlUTMJiJI> 

Motui. 


of  thofle  already  noticed,  to  which  they  seem  to  bear  a  greater 
resemblance  in  external  form. 
Mosees  do  not,  like  Ferns, 
bear  their  fructification  upon 
the  leaves  or  modifications 
of  them  ;  it  is  inclosed  in  a 
little  case  or  «m,  which  is 
furnished  with  a  lid,  and  is 
borne  on  a  long  distinct  stalk, 
80  as  to  be  very  easily  ob- 
served when  full-grown. 
The  interior  of  this  minute 
orgao  usually  contains  a 
structure  of  great  beauty, 
which  will  be  hereafter  de- 
scribed in  detail ;  but  it  is 
interesting  to  know,  that  it  was  by  the  contemplation  of  this, 
that  the  heart  of  Mungo  Park,  the  African  traveller,  was 
revived,  when  the  difficulties  by  which  he  was  surrounded  had 
almost  extinguished  hope  within  him.  The  passage  has  been 
often  quoted ;  but,  it  may  be  hoped,  never  without  its  use ; 
and  it  does  not  seem  superfluous  to  introduce  it  here. 

28.  This  enterprising  traveller,  during'one  of  his  journeys  into 
the  interior  of  Africa,  was  cruelly  stripped  and  robbed  of  all  that 
he  possessed,  by  banditti.  '^  In  this  forlorn  and  almost  helpless 
condition,^^  he  says,  "  when  the  robbers  had  left  me,  I  sat  for 
some  time  looking  around  me  with  amazement  and  terror.  Which- 
ever way  I  turned,  nothing  appeared  but  danger  and  difficulty. 
I  found  myself  in  the  midst  of  a  vast  wilderness,  in  the  depth  of 
the  rainy  season, — naked  and  alone, — surrounded  by  savage  ani- 
mals, and  by  men  still  more  savage.  I  was  five  hundred  miles 
from  any  European  settlement.  All  these  circumstances  crowded 
at  once  upon  my  recollection,  and  I  confess  that  my  spirits  began 
to  fail  me.  I  consideired  my  fate  as  certain,  and  that  I  had  no 
alternative  but  to  lie  down  and  perbh.  The  influence  of  religion, 
however,  aided  and  supported  me.  I  reflected  that  no  human 
prudence  or  foresight  could  possibly  have  averted  my  present  suf- 
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feriDgs.  I  was  indeed  a  stranger  in  a  strange  land,  yet  I  was  still 
nnder  the  protecting  eye  of  that  Providence,  who  has  condescended 
to  call  himself  the  stranger'^s  friend.  At  this  moment,  painful  as 
my  reflections  were,  the  extraordinary  heauty  of  a  small  Moss 
irresistibly  canght  my  eye ;  and  though  the  whole  plant  was  not 
larger  than  the  top  of  one  of  my  fingers,  I  could  not  contemplate 
the  delicate  conformation  of  its  roots,  leaves,  and  fruity  without 
admiration.  Can  that  Being  (thought  I)  who  planted,  watered, 
and  brought  to  perfection,  in  this  obscure  part  of  the  world,  a 
thing  which  appears  of  so  small  importance,  look  with  unconcern 
upon  the  situation  and  sufferings  of  creatures  formed  after  his 
own  image?  Surely  not. — Reflections  like  these  would  not 
allow  me  to  despair.  I  started  up ;  and  disregarding  both 
hunger  and  fatigue,  travelled  forwards,  assured  that  relief  was  at 
hand, — and  I  was  not  disappointed.*^ 

29.  Mosses  are  found  in  all  parts  of  the  world,  in  which  the 
atmosphere  is  moist;  but  they  are  far  more  abundant  in  temper- 
ate climates,  than  in  any  between  the  tropics.  They  are  among 
the  first  vegetables  that  clothe  the  soil  with  verdure,  in  newly- 
formed  countries;  and  they  are  the  last  that  disappear,  when 
the  atmosphere  ceases  to  be  capable  of  nourishing  vegetation. 
The  first  green  crust  upon  the  cinders^  with  which  the  surface  of 
Ascenfflon  Island  was  covered,  consisted  of  minute  Mosses.  This 
tribe  forms  more  than  a  fourth  of  the  whole  vegetation  of  Mel- 
ville Island,  one  of  the  most  northerly  spots  in  which  any  plants 
have  been  observed;  and  the  black  and  lifeless  soil  of  New  South 
Shetland,  one  of  the  islands  nearest  to  the  South  Pole,  is  covered 
with  specks  of  Mosses  struggling  for  existence. 

30.  Besides  their  power  of  resisting  extremes  of  temperature. 
Mosses  exhibit  a  remarkable  tenacity  of  life,  when  their  growth 
is  checked  by  the  absence  of  moisture ;  so  that  they  may  often 
be  restored  to  active  life,  even  when  they  have  been  dried  for 
many  years.  Hence  they  offer  abundant  sources  of  interest  to 
the  observer  of  Nature,  at  a  season  when  vegetation  of  other 
kinds  is  almost  entirely  checked.  For  it  is  most  curious  to  ob- 
serve, how  gay  these  little  Mosses  are  on  every  wall-top,  during 
the  winter  months,  and  in  the  early  spring,— almost,  or  perhaps 
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the  ooiy  things,  which  seem  to  enjoy  the  clouds  and  storms  of 
the  season.  They  choose  the  most  exposed  situations,  spread 
out  their  leaves,  and  push  up  their  delicate  urns,  amidst  rain, 
ftost,  and  snow ;  and  yet  there  is  nothing  in  their  simple  and 
tender  structure,  from  which  we  could  infer  their  capability  of 
resisting  influences  so  generally  destructive  to  vegetation.  But 
it  is  with  Plants  as  with  Animals. — The  more  simple  and  lowly 
the  being,  the  greater  is  usually  its  tenacity  of  life,  under  cir- 
cumstances which  depress  the  vital  powers  of  higher  kinds; 
whilst  the  influences  which  tkey  require  are  often  too  powerful 
for  it.  Thus,  Mosses  and  Lichens,  over-stimulated  by  heat  and 
dryness,  wither  away  in  summer;  but  vegetate  freely  at  a  season 
when  there  is  no  other  vegetation,  and  when  their  humble  fabrics 
cannot  be  overshadowed  by  a  ranker  growth. 

31.  Mosses  were  fancifully  termed  by  Linnffius,  iervi^  serv- 
ants, or  workmen ;  for  they  seem  to  labour  to  produce  vegeta- 
tion in  newly-formed  countries,  where  soil  can  scarcely  yet  be 
said  to  be.  This  is  not  their  otily  use,  however.  They  fill  up 
and  consolidate  bogs,  and  form  rich  vegetable  mould  for  the 
growth  of  larger  plants,  which  they  also  protect  from  cold  during 
the  winter.  They  likewise  clothe  the  sides  of  lofly  hills  and 
mountain-ranges;  and  powerfully  attract  and  condense  the 
watery  vapours  floating  in  the  atmosphere,  and  thus  become  the 
living  fountains  of  many  streams.  They  are  sometimes  so  com- 
pletely dried  up  by  drought,  that  they  escape  notice ;  and  then, 
when  moistened  by  rain,  they  appear  to  have  suddenly  clothed  a 
barren  heath,  or  overspread  a  diy  wall  with  verdure,  on  which, 
however,  they  really  existed  before. 

32.  Closely  con- 
nected with  the  Mosses 
is  the  tribe  of  HepatiecBi 
or  LhertDorU,  the  lower 
forms  of  which  are  near- 
ly connected  with  the 
Lichenb.  Some  of  them 
difier  but  little  in  their 
general  characters  from  ^'«  «.-h«fatic«.  on  LiT>Rwo«f«. 
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Moeses,  being  distinguished  by  certain  peculiarities  of  fructifi- 
cation. Others,  however,  have  no  distinct  stem  or  separate 
kaves;  but  extend  horizon  tally  into  a  flat  leaf-like  expansion; 
the  fructification  is  sometimes  elevated  above  this  on  a  little 
stalk;  but  in  the  tribes  most  nearly  allied  to  the  Lichens,  it  is 
imbedded  in  it,  as  it  is  in  that  group.  Their  general  habits 
closely  resemble  those  of  the  Mosses.  Their  leafy  expansions 
are  soft  and  green ;  differing  much,  therefore,  from  the  dry  scaly 
crusts  of  the  Lichens.  They  are  capable  of  reviving,  like  the 
Mosses,  after  being  dried  up ;  and,  from  the  rapidity  of  their 
growth,  and  a  peculiarity  in  their  mode  of  propagation,  they  are 
often  seen  to  spread  over  a  damp  surCsuse 
with  great  rapidity.  One  of  the  most 
common  species  is  the  Marehaniia  poly- 
morpha^  which  will  be  often  referred  to 
in  this  treatise,  on  account  of  the  many 
interesting  facts  which  the  attentive  study 
of  it  has  disclosed.  It  is  usually  found 
growing  on  moist  surfaces,  and  often  where 
there  is  little  or  no  soil ;  it  is  very  com- 
mon in  the  chinks  between  paving-stones 
Fio.e.-MARrHAMTiAPoLT-*'*  uufrequeutcd  places,  and  on  the  surface 
MORPHA.oncofUieoommoneBtof  the  carth  Contained  in  irarden-pots,  as 

of  the  Liverworte.  ,  «         ,  .  ,    -  r   -«» 

also  upon  wails  which  from  any  cause  are 
kept  constantly  damp. 

33.  Besides  the  regular  fructification,  tiiis  little  plant  has  a 
very  curious  apparatus,  for  the  production  of  small  leafy  bodies, 
which  may  be  regarded  as  buds,  and  which  spontaneously  sepa- 
rate from  the  parent  structure  and  develop  themselves  into  new 
beings.  As  these,  when  mature,  are  liable  to  be  wadied  out  of 
their  receptacle  by  rain,  and  to  be  carried  to  different  parts  of 
the  neighbouring  surface,  and  as  they  grow  very  rapidly  whilst 
supplied  with  moisture,  the  rapid  extension  of  the  plant  under 
such  circumstances  is  easily  accounted  for.  The  little  receptacles 
of  a  basket-form,  in  which  these  are  produced,  may  be  generally 
seen  in  some  stage  of  their  growth,  on  the  upper  side  of  the 
ieafy  expansion  of  which  the  plant  consists ;  and  they  constitute 
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beautiful  objects  for  a  low  magnifying  power  of  the  microseope. 
The  budlike  bodies,  having  the  form  of  flat  disks,  like  coins, 
may  often  be  seen  to  grow,  whilst  still  contained  in  their  re- 
ceptacle, and  even  to  graft  themselves,  as  it  were,  on  the  parent 
plant. 

34.  The  group  of  Oryptogamic  plants  termed  Lichens^  mostly 
consists  of  dry,  hard,  scaly  crusts,  destitute  of  leaves  and  stems, 
and  even  of  anything  bearing  a  resemblance  to  them ;  they  grow 
upon  bare  walls,  the  trunks  of  old  trees,  and  other  such  situa- 
tions, in  which  they  are  much  exposed  ^o  light,  and  not  abundantly 
supplied  with  moisture.  In  their  general  structure  they  nearly 
approach  to  the  Sea- weeds;  and  differ  from  them  chiefly,  in 
being  adapted  to  live  in  air,  instead  of  in  water.  The  dry  hard 
crust  is  usually  of  a  greyish  colour ;  its  upper  surface,  being  ex- 
posed to  the  light  and  warmth  of  the  sun,  performs  the  functions 


Fie.  7— ScALv  Licnxiv. 

of  leaves;  whilst  from  beneath  it  there  proceed  a  number  of 
minute  hair-like  filaments,  which  serve  both  to  fix  it  by  clinging 
to  the  substance  on  which  it  grows,  and  also,  it  may  be  believed, 
for  the  absorption  of  fluid — the  chief  uses  of  the  roots  in  the 
Flowering  Plants.  Lichens  are  among  the  slowest  in  growth  of 
all  plants,  and  the  least  subject  to  alteration  from  decay.  Whilst 
alive,  they  scarcely  exhibit  any  change  through  a  long  series  of 
jears;  and  when  dead,  their  forms  and  colours  are  scarcely 
altered  by  being  dried. 

35.  There  can  be  no  doubt,  that  the  greater  part  of  this  tribe 
derive  their  nourishment  from  the  atmosphere  and  its  contained 
moisture  alone ;  flourishing  as  they  do  upon  sterile  rocks,  with- 
out a  particle  of  soil  or  mould  in  their  neighbourhood.     There 

d2 
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are  many  species,  which  ordinarily  grow  upon  the  trunks  of  trees; 
and  these  are  commonly  spoken  of  as  Mosses, — hut  incorrectly 
so.     The  shaggy  appearance  of  the  apple-trees  of  an  old  Orchard 


Fia  a— LicHBNs. 

b  in  general  entirely  due  to  Lichens,  although  a  few  Mosses  may 
sometimes  be  found  among  these.  Of  such  Lichens,  by  far  the 
greater  part  vegetate  indifferently  on  all  kinds  of  trees,  and  they 
flourish  equally  well  upon  a  damp  wall;  so  that  there  is  no 
reason  to  suppose  that  they  derive  any  more  nutriment  from 
the  stems  on  which  they  grow,  than  is  afforded  by  the  moisture 
covering  their  surface.  There  is  no  doubt,  however,  that  some 
trees  are  much  more  favourable  to  their  growth  than  others. 
Thus,  the  Beech,  Elm,  Sycamore,  and  Lime,  are  comparatively 
seldom  found  infested  with  the  common  Beard-moBS^  which 
clothes  so  profusely  the  Fir,  Ash,  Oak,  or  Birch ;  so  that  the 
poet's  epithet  of  ^'  rude  and  moss-grown  beech"  is  by  no  means 
appropriate. 

36.  The  fructification  of  the 
Lichens  is  not  much  raised  above 
the  general  surface,  but  is  usually 
im'  edded  in  certain  parts  of  it, 
somewhat  differently  formed  from 
the  rest,  and  termed  shields.  The 
early  growth  of  these  plants  is 
favoured  by  darkness ;  but  for  the 
ripening  of  the  reproductive  bodies, 
a  considerable  quantity  of  light  is 
rfH^uired.  Tlie  development  of  the 
shields,  which  takes  place  under  its 
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iDfluenoe,  is  frequently  accompanied  by  so  great  a  change  in  the 
general  appearance  of  the  plant,  that  the  same  species  growing 
in  dark  and  moist  places^  in  which  the  fructification  was  not 
eTolyed,  has  been  considered  to  belong  to  a  distinct  kind  from 
the  perfect  q)ecimen.  No  true  Lichens  are  ever  found  in  mines, 
caTems,  or  other  places  depriyed  of  light ;  nor  are  there  any  that 
grow  entirely  under  water ;  although  some  species,  which  con- 
nect this  group  with  the  Sea-weeds,  grow  on  the  sea-shore, 
where  they  are  altematdy  submerged  and  left  dry  by  the  tide. 

37.  To  the  lichens  may  well  be  applied  the  title  of  Vemaculi, 
or  bond-dares,  which  Linnieus  fancifully  gave  to  the  Sea-weeds, 
regarding  them  as  fettered  to  the  rocks  on  which  they  grow. 
For  the  Lichens  seem  as  it  were  chained  to  the  soil,  which  they 
labour  to  improve  for  the  benefit  of  others,  although  they  derive 
no  nourishment  from  it  themselves.  The  mode  in  which  they 
prepare  the  sterile  rock,  for  the  reception  of  plants  that  require 
a  higher  kind  of  nourishment,  is  most  remarkable.  They  may 
be  said  to  dig  for  themselves  graves,  for  the  reception  of  their 
remains,  when  death  and  decay  would  otherwise  speedily  dissi- 
pate them.  For  whilst  living,  these  Lichens  form  a  considerable 
quantity  of  oxalic  acid,  (which  is  a  peculiar  compound  of  car- 
bon and  oxygen,  two  ingredients  supplied  by  the  atmosphere, 
Chap.  Ti.)  ;  and  this  acts  chemically  upon  the  rock,  (especially 
if  of  limestone,)  forming  a  hollow  which  retains  the  particles  of 
the  structure,  when  their  term  of  connected  existence  has  expired. 
The  moisture  which  is  caught  in  these  hollows,  finds  its  way 
into  the  cracks  and  crevices  of  the  rocks ;  and^  when  frozen, 
rends  them  into  minute  fragments  by  its  expansion^  and  thus 
adds  more  and  more  to  the  forming  soil.  Successive  generations 
of  these  bond^slaves  continuously  and  indefatigably  perform  their 
duties ;  until  at  length,  as  the  result  of  their  accumulated  toil, 
the  barren  and  insulated  rocks,  or  the  pumice  or  lava  of  the 
volcano,  become  converted  into  fruitful  fields.  For  when  Flora's 
standard  has  once  been  planted  on  tracts  thus  claimed,  they  are 
soon  colonised  by  plants  of  other  tribes.  The  Mosses,  Ferns,  and 
other  Cryptogamia  follow  them ;  and  at  last,  by  the  growth  and 
decay  of  successive  generations  of  plants,  a  sufficient  thickness  o£ 
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soil  is  prodaoed,  for  the  Bourishment  of  Uie  luxuriant  herbage, 
and  the  support  of  the  lofty  forest-tree.  And  thus,  by  the 
labours  of  these  apparently  insignificant  plants.  Men  are  enabled 
to  reap  their  harvest,  and  to  supply  themselves  with  timber  from 
forests,  and  cattle  increase  and  multiply,  on  what  was  formerly 
but  a  naked  and  desolate  rock. 

38.  One  of  Nature's  truest  though  least  attractive  delineatcnrs, 
has  thus  faithfully  described  such  a  process,  as  it  occurs  on  ruined 
buildings.     It  should  be  remarked,  however,  that  the  terms  tesd^ 

foUoffs^  and  jUmer^  are  not  strictly  correct  as  applied  to  the 
lichens,  which  have  none  of  these. 

*  Seeds  to  our  eyei  ioTiuble,  wOl  find 
On  die  Hide  rock  the  bed  that  fits  their  kind  ; 
There  in  the  rugged  tdl  they  aiMy  dwcU, 
Till  showers  and  saows  the  «nbtle  atoms  swell. 
And  spread  th'  enduring  foliage ;  then  we  trace 
The  freckled  flower  upon  the  flinty  base ; 
These  all  increase,  till  in  unnoted  years 
The  stony  tower  as  gray  with  sge  appears, 
With  coats  of  vegetation  thinly  spread. 
Coat  above  coat,  the  living  on  the  dead. 
These  then  dissolve  to  dast,and  make  a  way 
For  bolder  foliage,  nursed  by  their  decay  : 
The  long-enduring  ferns  in  time  will  all 
Die  and  depose  their  dust  upon  the  wall : 
Where  the  wing*d  seed  may  rest,  till  many  a  flower 
Shows  Flora's  triumph  o'«r  the  Ming  tower.** 

Ckabbb's  Bormtgk, 

39.  Besides  this  important  office  in  the  economy  of  Nature, 
some  of  the  Lichens  are  peculiarly  useful  to  man,  on  account  of 
the  valuable  dyes  they  afibrd  him.  The  blue  dye  termed  Archil, 
or  Litmus,  which  is  changed  to  a  bright  red  by  the  action  of 
acids,  is  obtained  from  several  species  of  Lichen  growing  in  the 
Canary  Islands  and  elsewhere  ;  and  many  other  species,  not  at 
present  regarded,  might  probably  be  converted  with  advantage 
to  the  same  use.  To  the  Laplanders,  the  tribe  of  Lichens  is  of 
peculiar  utility ;  indeed  on  it  they  depend  for  tbeir  subsistence. 
For  though  it  is  not  an  article  of  their  own  diet,  a  humble 
Lichen,  commonly  known  as  the  Reindeer  Moss,  supplies  the 
animal,  on  which  they  depend  for  almost  all  tlieir  means  of  ex- 
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istenoe,  with  food  throughout  their  dreary  winter;  its  vegetation 
not  being  checked  by  the  snow  beneath  which  it  grows.  A  species 
of  Lichen  growing  on  the  rooks  of  the  Arctic  regions  of  North 
America,  has  afforded  subsistence  for  many  days,  to  some  of  the 
adventnroos  explorers  of  that  desoUte  oonntry,  when  other  pro- 
Tisions  could  not  be  obtained. 

40.  The  group  of  Alg<B^  or  Sea-weeds,  includes  the  very 
lowest  forms  of  vegetable  organization ;  but  it  also  comprehends 
some  plants  whose  structure  possesses  great  complexity.  The 
AlgSB  may  be  considered  as  Lichens  formed  to  exist  in  water ; 
their  general  structure,  and  the  arrangement  of  their  parts,  beingr 
much  alike.  The  hard  scaly  cmst  of  the  Lichens,  formed  under 
the  influence  of  the  sun  and  air,  and  never  attaining  any  great 
extent,  seems  to  bear  a  remarkable  contrast  with  the  immense 
leaf-like  expansions,  composed  of  soft,  easily  decomposed  tissue, 
presented  by  the  AlgsB ;  yet  wherever  any  of  the  former  group 
inhabit  damp  shady  places,  their  character  much  approaches  to 
that  of  the  latter ;  and  in  regard  to  some  plants,  it  is  difficult  to 
fix  the  group  to  which  they  belong.  Although  the  term  Sea- 
weed is  that  usually  considered  equivalent  to  Algaa,  it  should 
be  understood  that  the  class  includes  many 
species,  which  are  inhabitants  of  fresh  water. 
Of  this  kind  are  the  CcnferwB^ — ^the  long  green 
hair-like  filaments  of  which  are  almost  con- 
stantly found  attached  to  stones,  at  the  mdes  or 
bottom  of  running  streams.  These  are  among 
the  simplest  forms  of  vegetation.  Each  fila- 
ment consists  of  a  single  row  of  minute  cells 
or  vesicles,  attached  to  each  other  end  to  end. 
Every  one  of  these  vesicles  is  capable  of  growing 
by  itself,  and  of  reproducing  its  kind ;  for  at  a 
certain  period  a  minute  orifice  appears  in  its 
walls,  from  which  issue  forth  some  of  the  little 
green  particles  it  contains  ;  and  these  become 
the  germs  of  new  plants  of  the  same  descrip- 
tion (Cliap.  XII.). 

4 1 .  The  higher  kinds  of  Algae  inhabit  Sea- 
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water  only.  They  often  aasame  the  forms  of  more  perfect 
plants,  presenting  an  appearance  as  of  roots,  stems,  and  leaves. 
But  these  parts  have  not  those  diflPerences  of  stmctnre  which  are 
characteristic  of  them  when  truly  formed,  and  which  will  be 
hereafter  described ;  on  the  contrary,  they  all  consist  of  the  same 
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kind  of  simple  and  similar  texture  as  that  of  the  Confervao ; — 
the  expanded  leaf  of  a  Sea-weed  being  composed,  as  it  were,  of 
a  number  of  filaments  of  the  ConferrsB,  laid  side  by  side.  The 
structure  of  these  apparently  different  parts  being  thus  so  nearly 
the  same,  their  functions  or  uses  have  an  equal  conformity ;  for 
the  root-like  fibres  at  the  bottom  of  the  stem,  only  serve  to  fix 
the  plant  to  the  rocks  or  stones,  to  which  it  is  its  habit  to  attach 
itself  instead  of  absorbing  or  sucking  up  nourishment  as  in  the 
Flowering-plants.  The  cause  of  this  difference  is  obvious. 
Where  the  whole  plant  is  constantly  immersed  in  the  fluid,  whicli 
affords  it  the  materials  of  its  growth,  no  one  part  of  it  need  be 
specially  endowed  with  the  power:   and  it  will  be  hereafter 
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shown  (Chap,  it.)  how  strong  the  contrast  is,  between  the  fane 
tions  of  the  true  roots  of  Flowering-pknts,  and  the  root-like 
CHTgans  of  the  AlgSB. 

42.  The  higher  AlgsB  sometimes  attain  a  prodigious  extent  of 
deyelopment,  forming  vast  sobmarine  forests  of  the  most  luxuriant 
Tegetation.  Thus  the  Chorda  JUum^  a  species  common  in  the 
North  Sea,  is  frequently  found  of  the  length  of  90  or  40  feet ; 
and  in  the  neighbourhood  of  the  Orkneys,  it  forms  meadows, 
through  which  a  boat  forces  its  way  with  difficulty.  It  grows  in 
the  fcmn  of  a  long  and  eyen  cord  (whence  its  name),  about  the 
nae  of  a  quill,  attached  at  one  end  to  the  bottom  or  shore,  and 
the  rest  supported  by  the  water.  This  is  nothing,  howeyer,  to 
the  prodigious  extent  of  the  MacroeiftHipyri/sray  which  is  reported 
to  be  from  500  to  1500  feet  in  length,  the  long  and  narrow  fix)nd8 
having  an  air-yesicle  at  the  base  of  each,  the  stem  not  being  thicker 
than  the  finger,  and  its  upper  branches  as  slender  as  common 
pack-thread.  Another  tropical  species  attains  the  length  of  25 
or  30  feet,  with  a  trunk  as  thick  as  a  man's  thigh.  Sometimes 
these  stems  are  solid,  and  sometimes  hollow ;  the  tubular  stem  of 
one  species  of  Laminaria,  found  near  the  Cape  of  Good  Hope, 
has  been  used  by  the  natiyes  as  a  trumpet,  when  dried.  An- 
other species  furnishes  the  natiyes  of  some  parts  of  Australia, 
with  a  large  proportion  of  their  instruments,  vessels,  and  even  of 
their  food. 

43.  The  marine  Algee  differ  much  in  their  habits.  Some 
species  grow  altogether  beneath  the  water,  attaching  themselye9 
below  the  lowest  tide-leyel.  Others  fix  themselves  where  their 
fronds  may  float  on  the  surface,  and  may  be  exposed  in  some 
degree  to  the  direct  influence  of  the  air.  Others  again  frequent 
a  height,  at  which  they  are  left  dry  at  every  retreating  tide ;  and 
some  are  found  in  situations,  in  which  they  are  scarcely  ever 
covered  by  water,  thus  approaching  in  habits,  and  in  character 
also,  to  the  Lichens.  Although  most  attach  themselves  to  rocks 
or  other  solid  masses,  frequenting  the  shores  or  shallows  rather 
than  the  open  sea,  there  are  some  exceptions,  among  which  one 
of  the  most  remarkable  is  the  Sargano  or  GvJf  Weed,  which 
floats  on  the  surface  of  the  ocean,  in  the  Gulf  of  Mexico,  and 
in  the  current  which  sets  from  this  towards  the  north.    Immense 
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fields  of  it  are  seen  by  the  navigator,  extending  as  far  as  the  eye 
can  reach,  and  conveying  the  idea  of  rocks  and  sluillows, — 
dangers  far  distant.  It  is  sometimes  so  abundant,  as  seriously 
to  interfere  with  the  progress  of  the  ship  through  the  water ;  and 
it  was  this  which  alarmed  the  crew  of  Columbus,  in  his  first 
voyage  of  discovery. 

44.  The  distribution  of  different  species  through  the  ocean,  is 
influenoed  by  latitude,  by  the  depth  of  water,  and  by  currents, 
neariy  in  the  same  manner  as  the  higher  i^ants  are  affected  by 
temperatore,  elevation  above  the  sea  level,  and  the  conditions  of 
the  atmosphere  as  to  dryness  and  calmness.  Some  species  can 
thrive  well  under  considerable  variation  in  these  conditions; 
whilst  others  are  dq)endent  upon  certain  states  of  them  for  their 
existence.  The  former,  therefore,  are  extensively  difiused,  being 
found  along  many  shores,  whilst  the  latter  are  rarer,  and  only 
inhabit  particular  spots,  in  which  these  conditions  are  met  with. 
Contrary  to  what  might  have  been  expected, — considering  that 
the  AlgSB  do  not  imbibe  any  nourishment  by  the  spreading  root- 
like filnres,  which  attach  them  to  the  solid  masses  of  the  shore,—- 
it  has  been  ascertained  that  they  do  not  grow  indifferently  on  all 
kinds  of  rooks ;  but  that  if,  for  example,  along  the  same  line  of 
coast,  there  be  an  alternation  of  limestone  and  granite  rocks, 
some  species  will  attach  themsdves  in  preferenoe  to  the  former, 
and  others  to  the  latter.  This  curious  fact  can  only  be  explained 
by  the  supposition,  that  small  quantities  of  the  mineral  matter 
are  dissolved  by  the  water  of  the  neighbourhood ;  and  that  in 
this  manner  they  act  upon  the  plant. 

45.  Of  all  tribes  of  plants,  the  A1g»  are  commonly  reputed  ^ 
the  least  useful ;  in  fact  their  inutility  was  proverbial  among 
the  ancients.  Yet  neither  in  regard  to  the  general  economy  of 
nature,  nor  as  to  the  wants  of  man,  are  they  to  be  so  considered. 
They  supply  food  to  a  large  number  of  marine  animals,  which 
browse  upon  them  as  those  inhabiting  the  land  do  upon  its  most 
luxuriant  pastures.  Cattle  have  been  very  profitably  fed  on 
some  species  abundant  on  the  northern  shores ;  and  even  become 
so  fond  of  this  diet  as  greedily  to  seek  for  it.  Many  kinds, — 
such  as  the  Alaria  esctUerUa^  called  in  Scotland  badder-locks  or 
honey- ware, — furnish  a  wholesome  and  palatable  food  for  Man, 
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and  are  employed  hy  the  poorer  classes  along  the  shores  of  the 
north  of  Europe ;  whilst  others  are 
reckoned  a  luxury  by  the  rich.  The 
Laver  of  this  country,  the  Carrageen, 
or  Irish  Bog  Moss  (as  it  is  erroneously 
called),  and  other  edible  substances, 
belong  to  this  group ;  and  from  other 
species  of  it,  are  formed  the  edible 
^^^1,  birds'-neets,   which   are  considered  so 

r    great  a  delicacy  by  the  Chinese, — the 
best  being  sold  for  nearly  theur  weight 
g^^^  in  gold.     These  nests  are  constructed 
^     by  a   bird   resembling  the  Swallow, 
which    reduces   the    Sea-weed   in   its 
stomach  to  a  sort  of  gelatinous  mass,  before  employing  it  for 
this  pnrpoee. 

46.  But  all  these  uses  are  comparatiyely  trifling,  when  the 
otiier  modes  in  which  the  Algse  may  be  made  beneficial  to  Man  are 
considered.  The  kelp^  from  which 
until  recently  the  glass-maker  and 
soap-boiler  derived  most  of  the 
alkali  which  they  required  for  their 
manu£M^Te,  is  nothing  but  the 
ashes  <^  Sea* weeds  ;  which  contain 
a  large  proportion  of  this  substance, 
derived  from  the  water  in  which 
they  grow.  Those  most  employed 
for  this  purpose,  have  been  the 
FucuM  vmculoius  and  other  species 
of  Fuci,  the  Chorda  filum^  and 
several  species  of  Lomtnorta.  Other 
means  of  obtaining  soda  from  sea- 
water  have  now  partly  superseded 
this;  but  until  recently,  it  was 
almost  the  only  method.  The  account  handed  down  by  tradi- 
tion, of  the  mode  in  which  glass  was  invented,  whether  it  be 
itself  true  or  false,  serves  to  illustrate  the  properties  of  the  Sea- 
weed.    It  is  said  that  some  sailors  cast  ashore  by  shipwreck,  hav- 
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log  kindled  a  fire  on  the  sand,  supplied  it  with  some  dry  sea- weed 
as  fuel ;  and  that  under  the  ashes,  a  mass  of  yitrified  matter  was 
afterwards  found,  resulting  from  the  union  at  a  high  temperature, 
of  the  soda  of  the  sea- weed,  with  the  silex  of  the  sand.  Many 
Alg»  also  constitute  a  yeacy  valuable  manure;  and  might  be 
much  more  used  than  they  are.  But  one  of  their  greatest  bene- 
fits to  Man,  consists  in  the  Iodine  with  which  they  supply  him ; 
—a  substance  which  is  of  the  most  important  use  to  the  Phy- 
sician, in  the  treatment  of  many  diseases,  and  which  is  a  nearly 
certain  cure  for  some,  which  were  formerly  considered  almost 
irremediable.  One  species,  moreover,  which  abounds  on  the 
shores  of  China,  furnishes  a  glue  and  varnish  to  the  Chinese, 
even  superior  to  that  which  is  obtained  from  animal  matter  in 
this  country.  It  seems,  when  once  dried,  to  resist  the  action  of 
water ;  for  it  is  employed  to  fill  up  the  lozenge-shaped  inter- 
stices in  the  network  of  Bamboo,  of  which  windows  are  fre- 
quently constructed ;  as  well  as  to  strengthen  and  varnish  the 
paper  of  their  lanterns.  A  species  abounding  on  the  southern 
and  w^tem  coasts  of  Ireland  furnishes  a  good  size  for  house- 
painters  ;  and  there  are  many  others,  which  contain  an  amount  of 
gelatinous  matter,  that  might  be  rendered  useful  in  various  ways. 

47.  Besides  the  tribes  of  whose  character  a  sketch  has  been 
thus  given,  there  are  others  of  a  doubtful  nature,  which  are 
generally  referred  to  this  group ;  although  some  peculiar  charac- 
ters which  they  exhibit,  and  their  similarity  to  certain  animal 
forms,  render  it  doubtful  whether  they  ought  not  to  rank  with 
that  kingdom.  They  are  mostly  formed  of  cells  jointed  together, 
as  the  Confervse ;  but  some  of  them  seem  to  possess  a  di£Perent 
interior  structure ;  and  others  exhibit  very  curious  motions,  which 
can  scarcely  be  distinguished  with  certainty  from  those  of  animals. 
In  one  of  these  groups,  a  large  quantity  of  flinty  matter  is  con- 
tained in  the  walls  of  the  cells ;  so  that  they  perfectly  retain  their 
form»  after  all  the  vegetable  structure  has  been  destroyed,  by  the 
action  of  heat  and  acids.  The  cavity  of  the  cells,  too,  is  some- 
times seen  to  be  partly  occupied  by  large  angular  crystals.  All 
the  plants  (if  such  they  be)  of  this  group  are  very  minute. 

48.  There  is,  however,  a  group  yet  simpler  than  these,  of  the 
vegetable  nature  of  which  there  is  no  doubt.     On  the  damp  partf» 
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of  some  hard  surfaces,  is  not  unfreqnently  seen  a  greenish  or  red- 
dish slime,  which,  when  examined  with  the  microscope,  is  found 
to  consist  of  a  number  of  minute  cells,  having  little  connexion 
with  each  other,  but  imbedded  in  a  sort  of  jelly,  which  surrounds 
and  connects  them.  On  some  minute  variations  between  these 
simple  plants,  various  distinctions  have  been  formed;  one  is 
known  under  the  name  of  gwy  deWj  from  its  red  colour ;  and 
another,  which  appears  on  the  surface  of  snow,  tinging  extensive 
tracts  with  a  deep  crimson,  is  known  as  red  mow*  This  some- 
times appears  so  suddenly,  and  over  so  large  a  space,  as  to  lead 
to  the  belief  that  it  had  fallen  from  the  sky ;  but  its  growth  and 
multipHcation  are  so  rapid  as  to  leave  no  difficulty  in  accounting 
for  its  appearance.*  This  plant,  which  may  be  regarded  as  one 
of  the  simplest  forms  of  vegetation,  if  not  the  very  simplest,  con- 
sists of  a  little  bag  or  membrane,  forming  what 
is  caUed  a  cell.  A  large  number  of  these  are 
commonly  found  together;  but  each  one  is 
separate  from  the  rest,  and  is  to  be  regarded  as 
a  distinct  individual.  It  obtains  its  own  nou-  fio.  u.— PMyrocoocvs 
rishment,  by  absorbing  the  fluid  around;  and  SghiT"  m'^w^: 
srows  and  comes  to  maturity,   without  any  d»owing  it*  Beparato 

■*  _  .  *  1  «.     ■!    s    ^^^  ^'  yeddes  partly 

other  support  or  assistance,  than  that  afforded  imbedded  in  a  ■umy 
by  the  2ur  and  moisture,  with  which  its  sur-  ^^' 
face  is  in  contact.  When  come  to  maturity,  a  number  of  minute 
granules  may  be  seen  within  it ;  these  are  the  germs  of  new 
plants ;  and,  when  liberated  by  the  rupture  of  the  parent-cell, 
they  go  through  precisely  the  same  series  of  changes.  This 
little  plant  will  be  often  referred  to,  in  illustration  of  the  sim- 
plest conditions,  in  which  the  processes  of  the  Vegetable  eco- 
nomy can  be  performed.  In  its  habits, — ^flourishing  as  it  does 
only  in  very  damp  situations,  though  partly  exposed  to  the  air, 
— ^it  must  be  regarded  as  belonging  to  the  Alg® ;  but  it  bears  a 
close  correspondence  with  the  lowest  forms  of  a  group  that  now 
remuns  to  be  considered ;  whose  conditions  of  existence,  how- 
ever, are  very  different. 

*  The  AaUior  it  aware  that  recent  diacoveriea  hare  ihown,  that  the  Red  Snow 
of  tome  district*  consists  of  Animalcules ;  but  he  is  satisfied,  from  his  own  obser- 
vations, of  the  real  existence  of  the  Plant  here  described. 
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49.  In  their  general  simplicity  of  structure,  the  Fungi  (the 
tribe  including  Mushrooms,  Puff-balls,  and  many  kinds  of  blight, 
mildew,  and  mould),  correspond  with  the  AlgSB  and  Lichens ; 


Fiu.  15.— Vaiuoub  roRMS  or  the  hioukh  Funui. 

but  they  differ  remarkably  in  habits,  and  in  the  character  of  their 
fabrics.  Fungi  will  not  grow  with  the  simple  nourishment 
which  serves  for  their  support ;  but  require  to  be  fed  with  decay- 
ing animal  or  vegetable  matter  of  some  kind ;  and  they  chiefly 
frequent  situations,  in  which  decomposition  is  going  on  with 
rapidity,  and  which  are  at  the  same  time  dark  and  warm.  It  is 
very  remarkable  to  observe  the  constancy  with  which  particular 
species  make  their  appearance  on  particular  substances.  Thus^  no 
fungus  but  the  common  edible  Mushroom  ever  grows  upon  the 
mushroom-spawn  (as  it  is  called) ;  though  this  does  not  neces- 
sarily contain  its  germs,  being  merely  a  kind  of  manure  com- 
posed of  various  decaying  substances,  which  prepares  the  soil  to 
receive  them  from  the  atmosphere.  Again,  there  is  a  species  of 
mould  which  is  only  found  on  the  surface  of  the  dung  of  cats 
deposited  in  moist  and  obscure  places.  Almost  every  tribe  of 
plants  has  its  peculiar  species  of  blight  or  rust,  to  the  attacks  of 
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wbich  it  18  liable,  and  which  differ  from  the  kinds  infesting 
nearly  similar  vegetables. 

50.  The  universality  of  the  appearance  of  the  simpler  kinds  of 
Fungi, — such  as  mould,  mildew,  &c. — npon  all  spots  favourable 
to  their  development,  has  given  rise  to  the  belief  that  they  were 
ipontaneously  produced  by  the  decomposing  substances.  But 
there  is  no  occasion  for  thb  mode  of  accounting  for  it ;  since  the 
extraordinary  means  adopted  by  Nature,  for  the  production  and 
diffusion  of  their  germs,  suffices  to  explain  it.  The  duration  of 
the  lives  of  individuals  among  the  Fungi  is  very  brief;  their  tis- 
sue is  soft  and  succulent,  sometimes  containing  so  little  solid 
matter,  as  almost  to  melt  away  when  broken  down ;  and  never 
possessing  any  considerable  amount  of  firmness.  Now  in  the 
AlgsB,  where  we  have  seen  the  development  of  the  individual 
taking  place  to  such  an  enormous  extent,  the  fructification  is 
generally  obscure,  and  sometimes  even  scarcely  perceptible.  But 
in  the  Fungi,  all  the  energies  of  the  plant  seem  directed  to  the 
production  of  the  germs  of  new  ones ;  its  oWn  size  seldom  attains 
any  great  extent ;  but  the  number  of  these  germs  is  often  almost 
incalculable.  Thus,  the  fine  dust  which  issues  fiPom  the  common 
Puff-ball  when  mature,  consists  entirely  of  these  little  bodies, 
which  are  diffused  through  the  air,  and  seem  to  float  abont  in  it, 
ready  to  develop  themselves  when  they  meet  with  the  fitting 
conditions.  In  a  single  Fungus,  above  ten  millions  have  been 
counted ;  and  these  were  probably  by  no  means  the  whole  num- 
ber contained  in  it.  When  these  minute  germs  are  once  spread 
through  the  air,  there  are  so  many  means  provided  for  their  dif- 
fusion, that  it  is  difficult  to  conceive  of  a  place  from  which  they 
should  be  excluded. 

51.  However  improbable,  then,  it  may  at  first  sight  appear, 
that  every  portion  of  the  aur  we  breathe  should  contain  the  germs 
of  a  large  number  of  species  of  Fungi,  ready  to  develop  them- 
selves whenever  the  peculiar  conditions  adapted  to  each  kind  are 
presented, — ^there  seems  good  reason  to  believe,  that  such  is  the 
case ;  and  in  this  manner  we  may  account  for  several  facts,  of 
some  practical  importance,  relative  to  the  production  of  those  very 
troublesome  fomi.i  of  vegetation,  known  by  the  names  of  mould, 
mildew,  &c.     It  is  well  known  that  fruit-preserves  are  very 
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liable  to  be  attacked  by  the  common  bead^mould ;  which  no  care 
employed  in  completely  closing  the  months  of  the  jars  can 
proTent.  It  has  been  remarked,  however,  that  they 
are  mnch  less  liable  to  suffer  in  this  way,  if  not 
left  open  for  a  night  before  they  are  tied  down ; 
and  it  is  therefore  probable,  that  the  germs  of  the 
mould  sow  themselves,  as  it  were,  in  this  luxuriant 
soil,  before  the  jar  is  covered.  Agam,  there  is  a 
particular  kind  of  cheese,  much  valued  by  some  epi- 
cures, which  derives  its  peculiar  flavour  from  the 
FioTitf.  quantity  of  fungous  vegetation  it  contains.  It  is 
Mo^g^ij  prop»'«<l  simply  by  breaking  up  the  curd,  and  ex- 
magnifled:  its  posing  it  for  a  day  or  two,  in  small  lumps  laid 
tag  of  single  upou  a  cloth,  to  the  sun  and  air;  it  there  seems 
fcSntod  ***tom>^  *^  receive  the  germs  of  Fungi,  which  afterwards 
tb«r.  vegetate  in  it,  and  spread  their  growth  through  the 

mass  whilst  it  is  yet  soft. 

52.  In  all  these  instances,  the  Fungi  derive  their  nutriment 
from  organic  matter,  which  is  either  already  in  a  state  of  decay, 
or  will  readily  decompose.  There  can  be  little  doubt,  that  their 
development  hastens  decay  when  it  is  slow,  or  even  causes 
decomposition  in  substances  which  previously  exhibited  none. 
Thus,  a  fruit-preserve,  into  which  no  mould  finds  its  way,  may 
remain  iBweet  for  many  years ;  but  the  growth  of  the  mould 
produces  chemical  changes  in  it,  which  are  of  a  kind  to  supply 
the  plant  with  the  materials  it  requires.  There  is  another  very 
remarkable  group  of  Fungi,  which  develops  itself  in  the  midst 
of  the  tissues  of  living  plants  and  animals.  To  it  belong,  amongst 
others,  the  mildeWy  rust^  smiU^  &c.  of  com  and  other  vegetables ; 
these  are  distinct  plants,  having  all  the  characters  of  true  Fungi, 
but  growing  frx>m  the  ears,  stems,  &c.  of  those  they  infest,  so  as 
to  appear  like  a  part  of  themselves.  In  fact  the  question  has 
been  raised,  whether  they  are  really  produced  from  separate 
germs,  or  whether  they  are  not  diseased  parts  of  the  structure  on 
which  they  appear.  But  there  seems  little  doubt,  that  distinct 
germs  are  introduced  frt>m  without.  They  can  be  communicated 
from  one  plant  to  another ;  and  they  may  perhaps  enter  through 
the   stomata   or  breathing -pores    hereafter    to   be   described 
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{.  91 J  ;  though  experiment  shows  it  to  be  more  likely,  that  they 
aie  conyeyed  in  the  water  which  drains  through  Uie  soil,  and 


Vra^  17.— AcnnvM  OANCsLJUA'nTM ; 
Mitonl  alw;  ^ peridla, magnifled. 


.  a  iMif  opon  whioh  it  ii  aeen  growbig  of  the 


that  they  are  introduced  into  the  Sjrstem  with  the  fluid  which  is 
absorbed.  In  that  case  they  must  be  almost  immeasurably 
small ;  since  it  is  known,  that  the  minutest  particles  of  any  sub- 
stance which  can  be  artificially  obtained,  are  usually  rejected  by 
the  roots,  as  too  large,  when  difiused  through  water  which  is 
being  absorbed  through  their  pores. 

53.  AninnLla  are  liable,  as  well  as  plants,  to  the  growth  of 
Fungi  within  their  bodies.  There  is  a  species  of  Wasp  in  the 
West  Indies,  of  which  individuals  are  often  seen  flying  about 
with  plants  of  their  oym  length,  projecting  firom  some  part  of 
their  surface ;  the  germs  of  these  having  been  originally  intro- 
duced, probably  through  the  breathing  pores  at  their  sides, 
(Anih.  Phtsiol.  $.  320),  and  taking  root,  as  it  were,  in  their 
substance,  so  as  to  develope  a  luxuriant  vegetation.  In  time, 
however,  the  fungous  growth  spreads  through  the  body,  and 
destroys  the  life  of  the  insect ;  and  it  then  seems  to  grow  more 
rapidly,  the  decomposing  tissue  of  the  dead  body  being  still 
more  adapted  than  the  living  structure,  to  afibrd  it  nutriment. 


Digitized  by  VjOOQ IC 


50  MUSCAROIME  OF   SILK-WORMS. 

54.     A  very  curious  example  of  the  gprowth  of  Fungi  within 
the  living  animal  body  has  latdy  been  detected ;  and  the  know- 
ledge of  it  has  proyed  of  great  importance.     The  Silk-worm 
breeders  of  Italy  and  the  South  of  France,  especially  in  particular 
districts,  have  been  subject  to  a  considerable  loss,  by  a  disease 
termed  Mtucardine^  which  sometimes  attacks  the  worms  in  large 
numbers,  just  when  about  to  enter  the  chrysalis  state.     This 
disease  has  been  ascertained  to  be  due  to  the  growth  of  a  minute 
vegetable  of  the  Fungus  tribe,  nearly  resembling  the  common 
mould,  within  their  bodies.     It  is  capable  of  being  communicated 
to  any  individual  from  one  already  affected,  by  the  introduction 
beneath  the  skin  of  the  former,  of  some  particles  from  the  diseased 
portion  of  the  latter;  and  it  then  spreads  in  the  fatty  mass 
beneath  the  skin,  occasioning  the  destruction  of  this  tissue,  which 
is  very  important  as  a  reservoir  of  nourishment  to  the  animal, 
when  about  to  pass  into  a  state  of  complete  inactivity.     The 
plant  spreads  by  the  extension  of  its  own  structure;  and  also  by 
the  production  of  minute  germs,  which  are  taken  up  by  the 
circulating  blood,  and  carried  to  distant  parts  of  the  body.     The 
disease  invariably  occasions  the  death  of  the  Silk-worm ;  but  it 
does  not  show  itself  externally  until  afterwards,  when  it  rapidly 
shoots  forth  from  beneath  the  skin.     The  Caterpillar,  Ohrysalia, 
and  Moth  are  all  susceptible  of  having  the  disease  communicated 
to  them,  by  the  kind  of  inoculation  just  described;  but  it  is 
only  the  first  which  usually  receives  it  spontaneously.     The 
importance  of  this  disease  to  the  breeders  of  silk- worms,  led,  as 
soon  as  its  true  nature  was  understood,  to  careful  inquiry  into 
the  circumstances  which  favour  the  production  of  the  fungus ; 
and  it  has  been  shown  that,  if  the  bodies  of  the  caterpillars, 
which  (from  various  causes)   have  died  during  breeding,  be 
thrown  together  in  heaps,  and  exposed  to  the  infiuence  of  a 
warm  and  moist  atmosphere  for  a  few  days  (as  has  been  very 
commonly  the  case),  this  fungus  almost  invariably  appears  upon 
them,  just  as  other  kinds  of  mould  appear  on  other  decaying 
substances ;  and  that  it  is  then  propagated  to  the  living  worms, 
by  the  diffusion  of  its  germs  through  the  atmosphere.     The 
knowledge  of  this  fact,  and  the  precautions  taken  in  consequence, 
have  greatly  diminished  the  mortality. 
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55.  Anoiher  yery  curious  example  of  vegetation  of  a  fuDgous 
character,  in  a  situation  where  its  existence  was  not  until  recently 
suspected,  is  presented  in  the  process  of  fermentation.  It  ap- 
pears from  microscopic  examination  of  a  mass  of  yetuty  that  it 
eonasts  of  a  number  of  minute  disconnected  yesicles,  which 
closely  resemble  those  of  the  Bed  Snow,  and  appear  to  consti- 
tute one  of  the  simplest  possible  forms  of  vegetation.  These, 
like  seeds,  may  remain  for  almost  any  length  of  time  in  an 
inactive  condition,  without  losing  their  vitality ;  and  their  power 
of  growing,  when  placed  in  proper  circumstances,  is  not  destroyed 
by  their  being  entirely  dried  up,  nor  by  their  being  exposed  to 
such  extremes  of  temperature,  as  the  boiling  point  of  water  and 
seventy-six  degrees  bdow  zero.  When  these  bodies  are  placed 
in  a  fluid,  in  which  any  kind  of  sugary  matter  is  contained^  they 
commence  vegetating  actively,  provided  the  temperature  be 
sufficiently  high ;  and  the  decomposition  which  they  effect  in  the 
fluid,  the  nature  of  which  will  be  presently  explained,  is  that 
which  constitutes  iU/ermmUUion, 

56.  If  a  small  portion  of  a  fluid  in  this  state  be  examined  at 
intervals,  with  a  powerful  microscope,  it  is  observed  that  each  of 
the  little  vesicles  contained  in  it  puts  forth  one  or  more  pro- 
longations or  buds,  which  in  time  become  new  vencles  like  their 
parents ;  these  again  perform  the  same  process ;  so  that,  within  a 


o 

Fm.  18— DirnrnKCT  njuam  of  thb  rwnxATXOM  of  Ybar*  ;  a,  aiiigto  oella  of  which  it 
•t  fin*  consists ;  6,  cells  with  bods ;  c,  the  same  more  adTanced  ;  d,  rows  of  cells 
oorreepoodlag  to  those  of  Fig.  a 

few  hours,  the  single  vesicles  have  developed  themselves  into 
rows  of  four,  ^yc^  or  six.  This  is  not  the  only  way,  however, 
in  which  they  multiply ;  for  sometimes  the  vesicles  are  observed 
to  burst,  and  to  emit  a  number  of  minute  granules,  which  are  the 
germs  of  new  plants,  and  which  soon  develop  themselves  into 

■  2 
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additional  cells.  By  the  time  that  five  or  six  yesicles  are  found 
in  eacli  group,  the  fermentation  is  sufficiently  (ar  adyanced  for 
the  purposes  of  the  brewer ;  and  he  then  takes  measures  to  check 
it,  by  which  the  yegetation  of  the  yeast  is  suspended.  The  groups 
of  yedioles  then  separate  into  indiyiduals,  resembKng  those  which 
first  constituted  the  yeast ;  and  thus  a  greatly-increased  amount 
of  this  substance  is  the  result  of  the  process. 

57.  The  process  of  fermentation  oonsists,  as  regards  the  fluid, 
in  the  conyersion  of  the  solution  of  sugar,  into  alcohol  or  spirit  of 
wine ;  and  this  is  effected  by  the  action  of  the  yegetating  funguSi 
which  withdraws  from  the  fluid,  for  the  supply  of  its  own 
growth,  that  portion  of  its  elements  which  constitutes  the  dif- 
ference between  sugar  and  alcohol.  A  process  yery  similar  to 
this  takes  place  when  the  common  Mould,  growing  upon  the 
surface  of  a  sweet  preserye,  causes  its  fermentation.  The  little 
plant  bears  considerable  resemblance  to  the  Red  Snow;  but 
differs  from  it  in  the  two  following  important  particulars. — ^The 
Red  Snow  can  flourish,  when  supplied  with  air  and  moisture 
alone, — ^the  conditions  which  haye  been  mentioned  as  fietyourable 
to  the  growth  of  the  AlgSB ;  whilst  this  Yeast-plant  can  only 
grow  in  the  solution  of  yegetable  matter,  which  is  ready  to 
undergo  decomposition,  and  which  yields  it  a  kind  of  nutriment 
that  the  Red  Snow  does  not  require,  but  which  is  necessary  for 
the  growth  of  all  the  Fungi.  This  is  an  instance,  then,  of  what 
was  formerly  stated,  respecting  the  close  resemblance  between  the 
lowest  forms  of  these  simple  tribes,  which  differ  from  one  another 
more  in  the  conditions  necessary  for  their  respectiye  growth, 
than  in  their  own  structure. — ^The  other  point  of  difference  con- 
sists in  the  extension  of  the  Yeast-plant  by  buds,  that  is,  by  the 
formation  of  new  cells  as  continuations  from  the  old  ones,  as  well 
as  by  the  formation  of  separate  germs ;  whilst  the  Red  Snow  is 
propagated  by  the  latter  only.  It  is  interesting  to  trace,  in  a 
being  so  extremely  low  in  the  scale,  the  two  kinds  of  Reproduc- 
tion, which  are  performed  in  a  manner  so  much  more  complex, 
and  apparently  so  different,  in  the  higher  plants. 

58.     The  growth  and  reproduction  of  the  more  complex  kinds 
of  Fungi,  difiers  in  no  essential  particulars,  from  the  oorrespond- 
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ing  processes  in  the  lowest  and  simplest.  In  the  Bead-tnould 
(Fig.  16),  eyeacy  cell  of  which  the  little  stems  are  composed, 
liyes  for  itself  alone ;  and,  like  that  of  the  Yeast-Plant,  it  may 
either  develop  new  cells  from  its  extremities,  hy  a  process  re- 
sembling budding,  or  it  may  burst  and  set  free  a  multitude  of 
contained  germs,  each  of  which  may  become  a  new  cell.  This 
process  very  much  resembles  that  which  takes  place  in  the  Con* 
ferT«9  (§.  40).  But  in  the  higher  Fungi,  as  in  the  higher  Algeo, 
we  find  a  certain  set  of  cells  set  apart  for  reproduction,  and  con- 
tained in  a  distmct  portion  of  the  plant.  This  is  the  case,  for 
example,  in  the  common  Puff-ball,  in  which  the  reproductiyo 
cells  or  spores  are  enveloped  by  a  distinct  membrane,  which  sets 
them  firee,  in  the  form  of  fine  dust  or  smoke,  by  bursting  when 
they  are  mature.  Nearly  the  same  conformation  exists  in  the 
JEddUum  (Fig.  17),  and  in  other  plants  resembling  it ;  in  these, 
the  membranous  envelope,  which  encloses  the  spores,  and  dis- 
charges them  by  an  orifice  in  its  side  or  summit,  is  termed  the 
peridium,  A  still  higher 
form  is  seen  in  the  Agaric 
or  Mushroom  tribe ;  of 
which  a  specimen  is  repre- 
sented in  Fig.  19.  Here 
we  have  a  stem,  a,  with 
rootlets  at  the  base,  by 
which  the  plant  imbibes 
its  natriraent ;  at  its  up- 
per extremity,  it  bears  the 
piUus  or  cap,  b ;  and  on 
the  under  side  of  this  are 
seen  the  ^11$,  «,  which 
radiate  from  the  centre 
towards  the  circumfer- 
ence. These  are  composed 
of  a  membrane  in  which 
the  reproductive  cells  are  imbedded.  At  an  early  period  of  its 
development,  the  pileus  is  folded  down  upon  the  stem,  and  is 
inclosed  in  a  membrane  termed  the  volva  or  wrapper,  the  remains 


TiQ.  19.— Amanita  Muscaria. 
a,  the  hoUow  stripes  or  stem ;   b,  the  pileus  or 
cap;  c,  the    lainell*  or  gills;  d,  the  %olva  or 
wrapper ;  e,  the  velum  or  veil. 
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of  which,  after  it  has  bunt,  are  seen  at  d.  Agarics  in  the  yarious 
stages  of  theur  development,  are  represented  in  the  upper  part  of 
Fig.  15. 

59.  Of  all  the  Cryptogamia,  the  Fungi  are  the  most  import- 
ant to  Man ;  and  their  influence  seems  at  first  sight  exerted  rather 
to  his  injury,  than  to  his  benefit.  Those  minute  species  which 
constitute  mildew,  blight,  rust,  &c.,  often  destroy,  to  an  immense 
amount,  the  fruits  of  the  earth,  upon  which  he  relies  for  his  chief 
support.  An  instance  has  been  just  recorded,  in  which  the  lives 
of  animals  that  administer  to  his  luxury,  are  also  destroyed  in 
large  numbers.  The  decay  of  timber  in  the  mode  commonly 
termed  dry-rot^  is  caused  by  the  growth  of  Fungi ;  of  which 
several  species  are  frequently  concerned  in  effecting  this  most 
injurious  process.  The  ravages  which  they  commit  in  ships, 
and  in  every  kind  of  wooden  structure,  as  soon  as  a  settlement 
is  made,  can  only  be  conceived  by  those  who  have  witnessed  and 
examined  them.  The  devastations  they  have  committed  in  our 
navy  and  merchant  vessels,  excited  attention  to  the  subject ;  and 
led  to  the  invention  of  the  process,  now  known  by  the  name  of 
Kyanuing*  (from  the  name  of  its  inventor) ;  but  their  destruc- 
tion of  house  timbers  is  quite  as  rapid  and  complete,  though  less 
common.  "  I  knew  a  house,*"  says  Mr.  Burnett,  ^Snto  which 
the  rot  gained  admittance,  and  which,  during  the  four  years  we 
rented  it,  had  the  parlours  twice  wainscotted,  and  a  new  flight 
of  stairs ;  the  dry-rot  having  rendered  it  unsafe  to  go  from  the 
ground-floor  to  the  bed-rooms.  Every  precaution  was  taken  to 
remove  the  decapng  timbers  when  the  new  work  was  done ;  yet 
the  dry-rot  so  rapidly  gained  strength,  that  the  house  was  ulti- 
mately pulled  down.  Some  of  my  books  which  suffered  least, 
and  which  I  still  retain,  bear  mournful  impressions  of  its  ruth- 
less hand ;  others  were  so  much  affected,  that  the  leaves  resem- 
bled tinder,  and,  when  the  volumes  were  opened,  fell  out  in  dust 
or  fragments."     The  decay  of  the  wood  seems  partly  due  to  the 

*  This  proceM  consists  in  soaking  the  wood  or  other  material  in  water,  in  which 
corrosive  sublimate  has  heen  dissolved  ;  and  in  this  manner,  a  change  is  effected, 
which  seems  to  deprive  the  germs  of  Fungi  of  the  power  of  obtaining  nutriment. 
The  substance  termed  Kroosoto  has  been  lately  employed  for  the  same  purpose, 
with  very  successful  results. 
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growth  of  the  Fungi  in  its  substance,  which  is  decomposed  by  it, 
M  are  the  fluid  and  half-solid  matters  already  spoken  of ;  and 
partly  to  the  moisture,  which  they  are  the  means  of  introducing 
into  its  interior.  The  germs  of  these  plants  fall  into  the  chinks 
of  the  timber,  where  they  take  root ;  and  in  their  growth,  tlicy 
greatly  widen  these  chinks,  and  thus  give  admission  to  moisture 
from  without,  as  well  as  to  a  new  set  of  these  minute  germs, 
which  may  prove  even  more  destructive ;  and  by  a  continuance 
and  repetition  of  these  processes,  the  whole  strength  of  the  timber 
is  at  last  destroyed. 

60.  The  power  of  expansion  which  these  plants  possess,  soft 
as  their  tissues  seem,  is  truly  wonderful.  Some  years  ago  the 
town  of  Basingstoke  was  pared;  and  not  many  months  after- 
wards, the  pavement  was  observed  to  ezhilnt  an  unevenness, 
which  could  not  be  easily  accounted  for.  In  a  short  time  after 
the  mystery  was  explained;  for  some  of  the  heaviest  stones  were 
completely  lifted  out  of  their  beds  by  the  growth  of  large  toad- 
stools beneath  them.  One  of  these  stones  measured  twenty-two 
inehes  by  twenty-one,  and  weighed  83  lbs. ;  and  the  resistance 
offered  by  the  mortar  which  held  it  in  its  place  would  probably 
be  even  a  greater  obstacle  than  the  weight.  It  became  necessary 
to  re-pave  the  whole  town,  in  consequence  of  this  remarkable 
disturbanoe. 

61.  But  although  in  these  and  many  other  ways.  Fungi  are 
injurious  to  Man,  the  benefits  they  confer  upon  him  far  outweigh 
their  occasional  devastations;  and  it  is  only  through  the  constancy 
of  the  former  that  they  are  overlooked  and  unappreciated.  It  is 
not  only  to  Man  that  they  are  of  the  most  essential  service,  but 
to  the  whole  Animal  kingdom.  To  Fungi  may  be  justly  applied 
the  designation,  which  has  been  conferred  upon  Insects,  that  of 
the  ^  scayengers  of  nature  ;^  for,  like  insects,  they  labour  with 
the  most  astonishing  effect,  in  the  removal  of  refuse  and  decaying 
substances,  which,  were  they  left  upon  the  surface  of  the  earth, 
would  prove  not  merely  useless  tenants,  but  injurious  incum- 
brances. Their  vapour-like  germs  float  about  in  the  atmosphere, 
in  countless  myriads,  only  waiting  for  the  presence  of  a  fitter 
soil,  on  which  to  alight  and  grow.  As  long  as  there  is  no  refuse 
decomposing  matter  to  be  removed,  these  ppores  remain  inactive 
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and  andeyeloped,  ('Hhe  scayeDgen  are  unemplojed") ;  but  aa 
soon  as  anj  quantity,  large  or  small,  of  decaying  animal  or  rege- 
table  matter,  is  left  exposed,  it  is  soon  coyered  with  a  depo« 
sition  of  spores,  which  rapidly  develop  themselyes  into  Fungi 
of  yarious  kinds. 

62.  Their  astonishing  fertility,  and  the  rapidity  with  which 
they  arrive  at  maturity,  are  among  the  most  remarkable  characters 
of  this  tribe  of  plants.  Of  the  former,  some  account  has  already 
been  given.  Of  the  latter  many  instances  are  recorded.  Thus 
one  species  has  been  known  to  attain  the  weight  of  341be,  in  six 
weeks ;  and  on  the  continent.  Fungi  of  the  same  tribe  have  grown 
to  upwards  of  lOOlbs.,  having  begun  from  a  point  not  perceptible 
to  the  naked  eye.  A  large  fungus  of  the  Puff-ball  tribe  has  been 
seen  to  grow  in  one  night,  from  a  minute  speck,  to  the  size  of  a 
large  gourd.  No  other  living  beings  have  powers  of  growth  at 
all  to  be  compared  to  this.  The  more  rapid  the  decomposition^ 
and  the  greater  the  quantity  of  noxious  exhalations  which  would 
thus  be  spread  through  the  atmosphere,  the  greater  is  the  tendency 
to  multiplication  and  luxuriant  growth,  in  these  humble  plants, 
to  which  such  exhalations  serve  as  the  most  appropriate  food. 

63.  Hence  what  has  been  said  by  Naturalists  of  Insects, 
applies  with  equal  truth  and  force  to  these  humbler  tribes ;  and 
we  may  adopt,  with  slight  modification,  an  interesting  state- 
ment, which  has  been  given  of  the  agency  of  Insects,  as  a  striking 
delineation  of  the  operations  of  the  Fungi. 

64.  *^  The  peculiarity  of  their  agency  consists  in  their  power 
of  suddenly  multiplying  their  numbers,  to  a  degree  which  could 
only  be  accomplished  in  a  considerable  lapse  of  time,  by  any 
larger  beings ;  and  then  as  instantaneously  relapsing,  without  the 
intervention  of  any  violent  disturbing  cause,  to  their  former  insig- 
nificance. If,  for  the  sake  of  employing  on  different  but  rare 
occasions,  a  power  of  many  hundreds  or  thousands  of  horses,  we 
were  under  the  necessity  of  feeding  all  these  animab  at  a  great 
cost  in  the  intervals,  when  their  services  were  not  required,  we 
should  greatly  admire  the  invention  of  a  machine,  such  as  the 
steam-engine,  which  should  be  capable  at  any  moment  of  exert- 
ing the  same  degree  of  strength,  without  any  consumption  of 
food  during  the  periods  of  inaction ;  and  the  same  kind  of  admi- 
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ndon  it  strongly  excited,  when  we  contemplate  the  powers  of 
Insect  and  Fongoos  life,  in  the  creation  of  which  Nature  has 
been  so  prodigal.  A  scanty  nnmber  of  minute  individuals,  only 
to  be  detected  by  careful  research,  and  often  not  detectable  at 
all,  are  ready,  jn  a  few  days  or  weeks,  to  give  birth  to  mjrriads, 
which  may  repress  or  remove  the  nuisances  referred  to.  But  no 
sooner  has  the  commission  been  executed,  than  the  gigantic 
power  becomes  dormant ;  each  of  the  mighty  host  soon  reaches 
the  term  pf  its  transient  existence ;  and  when  the  fitting  food 
losens  in  quantity,  when  the  offikl  to  be  removed  diminishes,  then 
fewer  of  the  spores  find  soil  on  which  to  germinate ;  and  when 
the  whole  has  been  consumed,  the  legions  before  so  active  all 
return  to  their  latent  unnoticed  state,— ready,  however,  at  a 
moment's  warning  again  to  be  developed,  and,  when  labour  is  to 
be  done  again,  again  to  commence  their  work,  either  in  the  same 
districts,  or  to  migrate  in  clouds  like  locusts  to  other  lands.  In 
almost  every  season  there  are  some  species,  but  especially  in 
autumn  there  are  many,  which  in  this  manner  put  forth  their 
strength  ;  and  then,  like  the  spirits  of  the  poet,  which  thronged 
the  spacious  hall,  *  reduce  to  smallest  forms  their  shapes  im- 
mense.' " 

65.  Among  the  uses  of  Fungi  to  Man,  their  service  as  food 
must  not  be  forgotten.  In  chemical  composition  they  closely 
resemble  animal  flesh ;  and,  accordingly,  those  of  them  which 
are  firee  firom  injurious  properties,  furnish  a  highly  nutritious 
article  of  diet ;  and  some  of  the  rarer  species  are  greatly  valued 
as  dainties  by  the  epicure.  There  is  much  difficulty,  however, 
in  distinguishing  the  innocent  from  the  noxious  species  of  Mush- 
room ;  and  many  fatal  accidents  have  occurred  from  the  employ- 
ment of  the  poisonous  kinds.  Amongst  the  Fungi  remarkable 
for  their  peculiar  properties,  may  be  mentioned  one  which  is  of 
great  service,  firom  its  astringent  properties,  as  a  styptic,  to  check 
the  flow  of  blood ;  and  another  which  has  the  power  even  when 
dry,  of  producing  a  curious  kind  of  intoxication,  and  which  is 
used  for  that  purpose  by  the  Tartars.  This  is  the  species  repre- 
sented in  Fig.  19.  It  is  occasionally  found  in  great  abundance 
in  this  country ;  and  is  distingubhed  by  the  bright  red  hue  of 
its  upper  surface,  which  is  studded  with  white  spots. 
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66.  When  we  examine  yet  more  closelj,  into  the  conforma- 
ticn  of  the  different  parts,  of  which  an  organised  structure  is 
composed,  we  find  that,  though  the  several  organs  are  variously 
constructed,  and  are  adapted  for  different  offices  or  functions, 
they  are  built  up,  as  it  were,  of  the  same  materials.  With  the 
same  bricks,  stones,  mortar,  and  timbers,  a  churdi,  a  palace,  or 
a  prison  may  be  reared.  Just  so  is  it  in  organised  structures. 
We  do  not  find  that  each  organ  is  entirely  different  from  the 
rest,  though  it  has  usually  something  peculiar  to  it ;  but  we  are 
enabled  to  separate  it  into  many  distinct  portions,  something 
similar  to  wliich,  if  not  exactly  correspondent,  may  be  recognised 
in  other  parts,  Thus,  for  example,  it  was  formerly  stated,  that 
the  leaf  consists  of  a  midrib  and  veins  proceeding  from  it,  a  fleshy 
substance  filling  up  the  interstices,  and  a  cuticle  or  skin  covering 
the  whole.  Now  the  midrib  and  veins,  as  well  as  the  footstalk 
of  which  these  are  a  prolongation,  consist  of  three  kinds  of  struc- 
ture ; — woody  fhre^  to  which  they  owe  their  toughness,  and  by 
which  they  are  adapted  to  give  support  to  the  softer  structures  ; 
— ducU  or  canals,  for  the  transmission  of  fluid ; — and  9jAral 
eeuelsj  which  are  designed  to  convey  air.  On  tracing  these  to 
the  stem,  it  will  be  found  that  they  all  exist  in  it  under  the  same 
form,  and  that  these  portions  of  the  leaves  are  in  reality  but  con- 
tinuations of  it.  Again,  if  we  examine  the  fleshy  substance 
which  lies  amongst  them,  we  shall  find  that  it  corresponds  very 
closely  in  character  with  the  pulp  of  soft  fruits,  or  the  pith  of  the 
stem.  And  if  we  strip  off  the  cuticle  and  investigate  its  struc- 
ture, we  shall  perceive  that  it  is  but  another  form  of  the  same 
kind  of  substance,  and  that  it  corresponds  with  the  skin  which 
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corers  all  the  newly-formed  parts  of  the  stem  and  branches,  as 
well  as  the  various  parts  of  the  flower,  and  even  the  roots. 

67.  These  several  kinds  of  structare  are  termed  the  primary 
tissueiy  being  the  elements,  as  it  were,  of  which  the  edifice  is 
built  up ;  and  they  are  to  the  vegetable  fabric  what  the  bones, 
muscles,  £Ett,  blood- vessels^  nerves,  skin,  &c.  are  to  the  animal. 

68.  Even  these  primary  tissues  may  be  regarded  as  consist- 
ing of  other  parts  still  more  simple, — namely,  tMmbrane  and 

^fibre*    The  fleshy  portion  of  the  leaf,  for  example,  or  the  pulp 
of  fruits,  consists  of  a  nurobw  of  little  bags  adhering  together  : 
each  bag  or  vesicle  consisting  of  a  delicate  membrane,  without 
any  perceptible  orifice,  and  containing  fluid.     The  membrane 
which  incloses  an  egg  after  the  shell  is  removed,  will  afford  a 
good  illustration,  on  a  large  scale,  of  the  nature  of  these  vesicles; 
they  may,  however,  be  readily  distinguished  and  separated  in  an 
over-ripe  orange,  where  they  are  of  considerable  size.   The  mem- 
brane which  composes  their  walls  may  be  regarded  as  one  of  the 
very  simplest  forms  of  vegetable  tissue.  —Again,  if  the  stalk  of 
a  strawberry  or  geranium  leaf  be  carefully  cut  round  but  not 
tkr&uffh,  and  the  two  parts  be  then  pulled  asunder  for  a  short 
space,  a  number  of  glistening  fibres,  of  extreme  delicacy,  will  be 
seen  running  fro6n  one  portion  to  the  other. 
If  these  be  put  under  the  microscope,  it  will 
be  evident  that  they  had  lain  in  spiral  coils, 
which  are  partially  straightened  when  they 
are  thus  drawn  out,  just  as  when  a  spiral 
spring  is  strained.     These  were  coiled  within 
the  membranous  tubes,  that  constitute  the 
external  sheath  of  the  spiral  vessels,  which 
have  been  mentioned  as  existing  in  the  leaf- 
stalk ;  and  thus  we  are  able  to  separate  these 
vessels  into  the  two  other  elements,  membrane       fio.  so.— srnAL 
and  Jibre.    These  very  minute  delicate  spiral     ''"*"  ""^"^  *^"- 
fibres  must  not  be  confounded  with  the  woody  fibre,  of  which 
mention  has  been  made,  and  the  nature  of  which  will  be  pre- 
sently explained. 

69.     The  delicate  Membrane^  of  which,  in  combination  with 
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fibre,  !dl  the  tistues  of  plants  may  be  regarded  as  consisting, 
when  thej  are  newty  formed,  is  of  variable  thickness  and  trans- 
parency In  general,  howerer,  it  is-  qnite  sufficiently  trans- 
parent, to  allow  the  colour  of  fluids  in  contact  with  it  to  be  dis- 
tinguished on  the  other  side;  and  accordingly,  though  itself 
x;olourless  or  nearly  so,  it  often  appears  tinged,  in  consequence  of 
the  cells  or  vessels  which  it  forms,  being  filled  with  coloured 
fluid.  Thus  the  cells  of  leaves  appear  green,  those  of  the  parts 
of  flowers  yellow,  blue,  red,  &c. ;  not  because  that  colour  exists 
in  the  membrane  of  which  they  are  composed  (which,  if  they 
could  be  emptied,  would  appear  almost  colourless),  but  on 
account  of  the  minute  colouring  particles  difiused  through  their 
contained  fluids.  One  of  the  most  remarkable  properties  of 
vegetable  membrane,  is  its  ppwer  of  allowing  fluids  to  pass  slowly 
through  it,  even  though  no  visible  pores  or  apertures  can  be 
detected  in  it.  Occasionally  the  appearance  of  such  apertures 
exists,  when  membrane  is  highly  magnified ;  but  this  appear- 
ance is  sometimes  produced  by  grains  of  semi-transparent  matter 
sticking  to  it ';  and  is  sometimes  due  to  that  portion  of  the  mem- 
brane beuig  thinner  than  the  rest,  through  the  deposition  of  new 
matter  upon  certain  points,  subsequent  to  the  first  formation,  of 
which  several  examples  will  be  presently  given.' 

70.  Elementary  Fibre  may  be  compared  to  hair  of  extreme 
delicacy  ;  its  diameter  often  not  exceeding  the  1-12,000  of  an 
inch.  It  is  generally  transparent  and  colourless,  and  is  usually 
disposed  in  a  spiral  direction.  Its  peculiar  property  is  elasticity, 
combined  with  a  degree  of  firmness,  which,  for  its  diameter,  is 
very  considerable.  Accordingly  we  find  its  chief  use  to  be,  the 
keeping  open,  like  an  interior  spring,  the  delicate  membranous 
tubes  through  which  air  is  to  pass,  and  the  preventing  these  from 
being  pressed  together  by  the  growth  of  neighbouring  parts. 
Not  unfrequently,  however,  it  seems  less  elastic  than  usual,  and 
is  broken  during  the  processes  of  growth,  into  several  smaller 
fragments;  which  then  exhibit  a  peculiar  tendency  to  grow 
together,  in  various  irregular  forms.  In  this  way,  several  pecu- 
liar kinds  of  tissue  are  produced,  which  will  shortly  be  noticed. 

7  J  •    The  one  most  universally  present,  no  kind  of  plant  being 
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withoat  it  in  some  form  or  other,  and  manj  being  entirely  com- 
posed of  it,  is  that  called  eeUular  tissue,  from  its  being  made  up 
of  a  number  of  separate  cells,  or  minute  bags,  adherent  together. 
These,  when  first  formed,  are  usually  nearly  globular,  or  of  a 
figure  resembling  an 
®gg>  M  that,  if  cut 
across,  their  walls  would 
exhibit  a  series  of  cir- 
dee  touching  each  other 
at  certain  points  (Fig. 
21,  a).  Afterwards, 
howeyer,  they  are  gra- 
dually pressed  against  each  other,  and  their  sides  become  flat- 
tened. Their  form  will  then  depend  upon  the  amount  of  the 
pressure  on  the  respective  sides.  If  it  have  been  equal  in  all 
directions,  the  cell  will  sometimes  be  cubical,  as  it  is  often  found 
in  pith  (Fig.  21,  b) ;  or  it  will  have  the  form  termed  the  dode- 
cahedron, which  is  a  solid  having  twelve 
But  if  it  be  pressed 
than  another,  it  will  be 
direction,  and  elongated 
in  the  other.  Thus  the  original  form  of 
the  cell  may  become  greatly  modified, 
during  the  growth  of  the  plant  In  gene- 
ral, the  greatest  elongation  tak^  place 
in  the  direction  of  most  rapid  increase; 
but  this  is  not  always  the  case ;  for  in  the 
the  honny-oomb  ap-  gtems  of  most  trees  in  this  climate,  there 

pearance  of  the  greater  part    .  xj.ii  x      j-         ^ 

fadastotheis-ddedformof  IS  a  peculiar  sot  of  cells  extending  from 

SrS:;!S:rSr«;<IlI^  ^^  F*  ^^"'^  t^e  bark,  wWch  have 
prassot  hexagons  or  their  greatest  length  in  a  horizontal  direc- 
tion; and  the  cells  being  of  an  oblong 
flattened  form,  and  arranged  like  Imcks  in  a  wall,  this  kind  of 
structure  has  been  called  muri/brm  (wall-like)  cellular  tissue 
(Fig.  21,  c). 

72.    From  what  has  been  said  of  the  permeability^  or  power 
of  giving  passage  to  fluids,  which  vegetable  membrane  possesses, 


mm 


# 


Fio.  SS.— SncnoN  or  ntasou- 

LABLV  OOMPaasaSD  CSLLULAS 


S-sided  flgnres. 


Digitized  by  VjOOQ IC 


62  PROPERTIES  OP   CELLULAR   TISSUE. 

it  may  be  ioferred  that  this  pow^  is  also  possessed,  by  the  simple 
modification  of  it  just  described.  Accordingly  we  find  this  to  be 
the  case, — fluids  being  conducted  through  cellular  tissue  very 
readily  from  one  part  to  another :  but  still  it  affords  a  sufficient 
degree  of  resistance,  to  cause  the  transmission  of  fluids  most 
readily  in  the  direction  of  the  greatest  length  of  the  cells,  where, 
of  course,  there  will  be  the  fewest  partitions  in  a  given  space. 
Thus,  therefore,  fluids  absorbed  at  the  bottom  of  a  stem,  will  pass 
upwards  through  its  cellular  tissue  more  readily  than  in  any 
other  direction, — except  in  the  case  of  the  rmiriform  cellular 
tissue,  which  conducts  fluids  horizontally  with  the  greatest  readi- 
ness. The  object  of  these  peculiar  adaptaticms  will  be  more  fully 
described  in  Chap.  Yi.,  where  the  structure  and  offices  of  the 
different  parts  of  the  stem  will  be  severally  detailed. 

73.  In  the  fabric  of  the  lowest  tribes  of  Plants,  such  as  Sea- 
weeds, Lichens,  the  Fungi  (or  Mushroom  tribe).  Liverworts,  and 
Mosses,  little  besides  cellular  tissue  and  its  simple  modifications 
can  be  found ;  and  it  forms  a  large  proportion  of  the  structure 
of  even  the  highest  ^bes.  Thus  in  every  Plant,  the  leaves, 
flowers,  bark,  pith,  and  fruit,  consist  almost  entirely  of  cellular 
tissue ;  and  it  is  even  found  in  the  woody  part  of  the  stem  and 
roots,  besides  forming  the  largest  proportion  of  those  soft  succu- 
lent stems,  which  are  only  of  short  duration,  dying  as  soon  as 
the  fruit  they  bear  has  ripened.  The  whole  of  the  young  plant, 
too,  even  of  the  highest  tribes,  consists,  like  the  permanent  forms 
of  the  lower,  of  this  kind  of  structure.  It  is  only  when  the  true 
leaves  have  been  unfolded,  and  are  actively  performing  their 
functions,  that  the  other  kinds  of  tissue  show  themselves.  In  all 
newly-forming  parts,  also,  the  foundation,  as  it  were,  is  laid  with 
this  tissue,  in  which  the  others  subsequently  appear.  So  uni- 
versally is  it  present,  even  in  the  adult  fabric,  that,  if  it  were 
possible  to  abstract  all  the  others  from  it,  the  original  form  would 
still  be  retained,  except  where  it  would  give  way  with  its  own 
weight. 

74.  But,  although  cellular  tissue  is,  in  its  regular  state  (of 
which  the  pith  of  young  twigs,  or  the  pulp  of  fruits  are  charac- 
teristic examples),  soft  and  spongy  in  its  character,  it  does  not 
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alwajB  remain  so,  but  often  acquires  considerable  hardness. 
This  is  the  case,  for  example,  in  HiepriekUt  of  the  Rose  and  other 
plants,  which  are  merely  connected  with  the  cuticle,  and  are  not 
prolonged  from  the  wood  beneath.  It  is  the  case  also  in  the 
sUmei  of  the  Plum,  Peach,  Cherry,  &c ;  and  in  the  gritty  matter 
in  the  centre  of  the  Pear.  In  all  these  parts, 
the  processes  of  vegetation  are  no  longer  going 
on ;  but  the  power  of  firm  resistance  is  re- 
quired in  their  place.  This  is  effected,  by  the 
deposition  of  solid  matter  within  the  cells. 
Sometimes  the  new  product  lies  in  regular  fi«».  ts.  — Rouin> 
layers,  one  wHhin  another,  ooYering  the  whole  SSJiT^^'^^i^L" 
membrane ;  sometimes  it  is  deposited  in  what  amuhioo  rmq. 
appears  a  less  regular  manner,  certain  pomts  of 
the  membrane  being  left  uncovered  by  it.     In  this  last  case, 

lioweTer^  an  additional  object  is 
Attained;  for  the  cells,  though 
the  greatest  part  of  their  walls  is 
so  much  thickened,  are  still  in  a 
degree  permeable  to  fluid,  through 
the  spots  of  the  membrane  on 
which  no  deposit  has  taken  place. 
These  spots  in  the  walls  of  con- 
tiguous cells  generally  correspond 
with  each  other;  so  that  fluids 
can  find  their  way  from  one  cell 
into  the  cavities  of  the  neighbour- 
ing ones,  though  so  large  a  pro- 
portion of  their  contents  has  be- 
come solid.  When  the  walls  of 
cells  have  been  thus  strengthened 
in  particular  parts,  the  membrane 
has  a  dotted  appearance ;  the  thin- 
nest portions  seeming  almost  like  perforations. 

75.  The  size  of  the  cellules  of  this  tissue  is  extremely  variable ; 
they  ore  usually  from  1-300  to  1-500  of  an  inch  in  diameter ;  but 
may  be  found  of  all  sizes,  from  1-30  to  1-3000  of  an  inch.     One 


Fro.  24v-43acTioif8  or  cslls  strxwoth- 
sinn>  BY  twnaatAL  mattbr  inRaou&AitL  y 
DKFoaiTiD ;  the  shaded  portion  indi- 
cates the  remaining  cavities :  a,  cells 
tma  the  gritty  centre  of  the  pear »  bt 
cells  from  the  stone  of  the  plum. 


Digitized  by  VjOOQ IC 


64  WOODY   FIBRB. 

of  the  mott  interesting  modifications  of  it>  is  found  in  the  Spbag- 
nnm  or  Bog-Moss ;  and  in  the  ooverings  of  some  seeds.  This 
oonnsts  in  the  presence,  within  the  membranous  wall  of  the  cell, 
of  a  spiral  fibre,  coiling  from  one  end  to  the  other.  In  some  of 
the  seed-coats  in  which  these  spiral  cells  exist,  the  mmnJbrasM  of 
the  cells  is  so  delicate  as  to  be  easily  dissolved  away ;  so  that,  if  a 
portion  be  piit  into  water,  the  fibres  spring  out  very  beautifully 
by  their  own  elasticity. 

7  6.    The  next  form  of  elementary  tissue  to  be  described,  is  that 
called  Woody  Fibre.     It  has  received  the  name  of  Jihrey  because 
it   always  exists  in  an  elongated  form,   and  several 
of  the  tubes  of  which  it  consistSi  adhere  together  oonti- 
nnously,  so  as  to  form  cords.  This  is  seen  in  the  common 
flax  thread,  for  example.    If  the  finest  thread  that  coald 
be  separated  with  thcnaked  eye,  were  submitted  to  a 
microscope,  it  would  be  seen  to  consist  of  several  other 
fibres  adhering  together ;  none  of  these  have  any  great 
length ;  but  by  the  manner  in  which  they  adhere,  side 
by  side,  and  end  to  end,  a  continuous  cord  is  produced. 
Elach  of  these  minute  fibres,  when  moredoeely  examined, 
is  seen  to  consist  of  a  slender  transparent  tube,  tapering 
to  a  point  at  each  end.     It  thus  resembles  a  greatly 
elongated  cell.     It  difiers  firom  cellular  tissue  of  similar 
Bu^DLB     form,  in  the  much  greater  strength  of  the  membrane 
*"f«m'*''   forming  the  walls  of  the  tubes ;  though  it  is  at  the 
same    time  thinner.     There  are  many  intermediate 
forms,  however,  between  one  and  the  other.     Woody  fibre  is 
evidently  destined  to  convey  fluid  in  the  direction  of  its  length, 
and  is  easily  permeated  by  it.     Minute  openings  have  sometimes 
been  detected,  in  the  points  of  the  tubes,  so  as  to  connect  one 
cavity  with  another,  and  thus  to  render  the  passage  of  fluid 
more  easy.    It  is,  however,  especially  destined  to  give  firmness 
and  elasticity  to  the  parts  of  the  structure  which  require  sup- 
port; and  we  almost  constantly  find  fm$d$  protected  by  it, 
wherever  they  exist. 

77.    In  all  plants  with  permanently-elevated  stems,  this  tissue 
is  very  abundant  in  the  adnlt  state.     It  forms  a  laige  proportion 
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of  the  wood  of  the  stem  and  roots ;  it  partly  composes  the  leaf- 
stalk, midrib,  and  veins  of  the  leaves,  and  may  even  be  traced 
in  flowers ;  to  many  fraits,  also,  it  imparts  firmness  and  consist- 
ence. When  no  longer  required  for  the  conveyance  of  fluid, 
additional  firmness  and  toughness  are  given  to  it,  as  to  cellular 
tissae,  by  the  deposition  of  various  secretions  within  its  tubes ; 
and  it  is  in  the  presence  or  absence  of  these,  that  the  difference 
exists  between  the  heart-wood  and  sap-wood  of  a  trunk  (§.  131). 
The  woody  tubes  of  the  former  are  entirely  choked  up  with  the 
hard  matter  deposited  in  their  cavities ;  and  the  sap  rises  through 
the  latter  only.  This  hardened  tissue  may  be  in  some  degree 
compared  to  the  cartilage  or  gristle  of  animal  bodies. 

78.  A  peculiar  form  of  woody  fibre  is  found  in  the  stems  of 
resinous  woods,  especially  the  Pine  and  Fir  tribe.  The  diameter 
of  its  tubes  is  much  greater  than  that  of  any  other  woody  tissue ; 
and  they  alone  perform  the  office  of  transmitting  the  sap  upwards 
through  the  stem ;  the  wood  of  these  trees  being  destitute  of  the 
ducts  or  canals  (presently  to  be  described),  which  in  other  kinds 
of  trees  assist  in  tliis  function.  But  it  is  by  a  peculiar  set  of  dots 
seen  along  their  course,  that  these  woody 
tubes  may  be  readily  distinguished  from 
all  others.  These  dots  appear  to  be 
produced,  by  the  formation  of  certain 
little  bodies  hetioeen  the  adjacent  tubes ; 
and  as  the  tubes  are  closely  pressed  toge- 
ther, these  bodies  (the  nature  of  which  ^"»-  «.  —  Olaitduulr  Woodv 
is  not  certainly  ascertained)  p|t)ject  into  ^  **''  ®"^^"®- 
the  cavities  of  the  tubes  between  which  they  lie.  Whatever  be 
their  character,  they  are  of  great  interest,  as  aiding  to  establish 
the  true  nature  of  Coal. 

79.  That  this  substance  had  a  vegetable  origin,  has  long  been 
generally  admitted ;  but  from  the  comparative  frequency  and  per- 
fection with  which  the  remains  of  Ferns  occur  in  it,  it  has  been 
supposed  to  have  been  produced  by  the  decay  of  vast  forests  of 
this  tribe  of  plants.  As  Ferns  do  not  form  resins,  however,  this 
hypothesis  would  not  account  for  the  large  quantity  of  bituminous 
matter  which  coal  contains ;  and  hence  it  was  supposed  that  coal 
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must  have  been  fonned  from  resinous  woods,  even  though  the 
remains  of  such  were  very  scanty  and  imperfect.  Now  on  apply- 
ing the  microscope  to  transparent  sections  of  such  fragments  of 
coal,  as  most  distinctly  exhibit  the  fibrous  structure,  it  is  seen  that 
they  present  the  character  which  has  been  described,  as  peculiar  to 
the  resinous  woods, — the  glandular  form  of  woody  fibre,  as  it  is 
technically  termed ;  and  hence  it  is  established  beyond  doubt, 
that  the  immense  masses  of  coal  which  now  contribute  so  much, 
in  every  way,  to  the  comfort  and  the  social  improvement  of  the 
human  race,  are  but  the  remains  of  vast  forests,  probably  the 
growth  of  many  successive  centuries,  which  chiefly,  if  not  en- 
tirely, consisted  of  trees  of  the  Pine  and  Fir  kiod.  It  is  even 
possible,  by  the  peculiarities  of  the  arrangement  of  the  dots,  to 
say  which  of  the  subdivisions  of  that  tribe  at  present  existing, 
those  primeval  trees  most  nearly  resembled.  The  reason  why 
the  remains  of  Ferns  have  been  so  well  preserved,  whilst  those  of 
other  plants  and  trees  should  have  lost  all  definite  structure,  has 
been  already  explained  (§.  26). 

80.  Tlie  third  kind  of  primary  tissue,  is  that  denominated 
the  Vcuctdar.  Its  typical  form  is  the  Spiral 
Vessel,  which  is  only  found  in  Flowering-Plants ; 
but  modifications  of  this  exist  in  the  lower  tribes. 
The  essential  character  of  the  Vascular  tissue  is 
the  possession  of  a  spiral  fibre,  coiling  more  or 
less  regularly  within  its  thin  membranous  tubes, 
from  one  extremity  to  the  other.  The  true 
ipiral  vessel  much,  resembles  the  woody  fibre  in 
form,  being  a  long  narrow  tube  drawn  to  a 
point  at  both  ends.  But  the  membranous  wall 
is  much  thinner,  and  is  easily  torn  asunder. 
The  spiral  filament  is  usually  single ;  it  is 
^     J'  sometimes,    however,  double,   or   even   triple; 

Fi«.  87.  —  PoRTiowa  ,  '  '    ,  '  r^- 

or  Spiral  vussLt:  and  in  the  Very  large  spiral  vessels  of  the  Chinese 
:\trT«^e  'fi^  Pitcher.Plant  (Nepenthes,  §.  242)  it  is  quad- 
partly  drawn  out;  rupie.     These  tubes  in  their  perfect  state  contain 

b,  from  Nepenthes,      .*^  *.inj.  t, 

with  the  quAdnipie  air  Only,  which  finds  its  way  from  one  to  an- 
^^^  other,  like  fluid  through  the  woody  tubes.   They 
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are  {bund  in  the  leaf-stalks,  from  which  their  spiral  fihrot 
can  be  nncoUed  in  the  manner  already  described.  They  are 
fonnd  also  in  a  deUoate  membrane,  surrounding  the  pith  of 
stem  which  possess  one  (§.  135);  and  in  the  midst  of  the 
woody  bundles  which'  form  the  strings  of  such  stems  as  the  As- 
paragus. From  this  plant,  indeed,  they  may  be  obtained  more 
readily,  perhaps,  than  from  any  other.  If  a  stem  be  boiled,  or 
softened  by  soaking  in  water  for  some  time,  and  these  bundles 
be  separated  from  the  soft  tissue  which  surrounds  them,  the  parts 
of  each  may  be  further  separated  from  each  other,  by  rubbing 
them,  with  a  little  water,  between  two  plates  of  glass.  On  look- 
ing at  them  with  a  magnifying-glass,  some  portions  of  these 
bundles  will  be  seen  to  present  a  dark  appearance,  if  still  under 
water.  This  is  caused  by  the  air  they  contain ;  since  bubbles  of 
air  in  fluids  viewed  with  the  microscope,  will  appear  dark  to  the 
obseirer,  for  reasons  which  will  be  mentioned  in  the  Treatise  on 
Light.  If  one  of  these  threads  be  then  carefully  torn,  with  a 
pair  of  small  needles  fixed  in  handles,  into  finer  ones,  whilst 
under  a  powerful  single  magnifier,  it  may  be  separated  into  the 
indiridual  spiral  vessels  which  compose  it,  just  as  the  thread  of 
flax  may  be  resolved  into  its  woody  tubes. 

81.  It  is  an  interesting  circumstance,  that  the  air-tubes  of 
Insects  are  formed  upon  nearly  the  same  plan  with  these  spiral 
vessels  of  Plants.  The  former  consists,  like  the 
latter,  of  an  external  membrane,  which  is  main- 
tained in  its  tubular  form,  in  spite  of  pressure 
from  without,  by  the  elasticity  of  a  fibre,  spirally 
coiled  in  its  interior.  The  principal  difference 
between  the  two  structures  is,  that  the  air-tubes 
of  Plants  are  dosed  vessels,  and  that  their  con- 
tents find  their  way  gradually  from  one  to  another,  BRAHrMmf"  air- 
permeating  the  delicate  membrane  of  their  walls;  ▼'swu.ofInmct. 
and  that  they  give  off",  therefore,  no  branches :  whilst  the  air- 
vessels  of  Insects,  whose  office  it  is  to  convey  air  with  great 
rapidity  into  all  parts  of  the  structure,  form  a  set  of  continuous 
tubes,  whidi  branch  and  ramify  with  the  most  wonderful  minute- 
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ness,  even  in  the  smallest  organs  of  the  smallest  Insect  (Anim. 
PersioL.  §.  320). 

82.     There  are  other  kinds  of  tissue  which  must  be  classed 
under  the  same  head,  but  which  do  not  serve  the  same  purposes, 
or  possess  the  same  structure.     Instead  of  tubes  drawn  to  a  point 
at  each  end,  we  not  unfrequently  meet  with  long  continuous 
cjlindrical  canals,  which  serve  for  the  conveyance  of  fluid,  in- 
stead of  for  the  passage  of  air ;  these  are  called  Ihicti.     There 
are  several  varieties  of  them ;  of  which  those  will  be  first  de- 
scribed, which  evidently  belong  to  the  type  of  Vascular  tissue. 
In  Fenis  (which  have  no  true  spiral  vessels),  we  find  Ducts, 
which  very  closely  approach  the  spiral  vessel  in  character; 
having  an  unbroken  coil  of  spiral  fibre  throughout  their  whole 
extent ;  but,  besides  the  important  difference  that  these  Ducts, 
are  long  continuous  tubes,  they  are  further  distinguished  by  the 
brittleness  of  the  spire,  which  snaps  if  we  attempt  to  unrol  it. 
Such  ducts  are  found  in   many  other  plants,  and 
may  be  easily  distinguished  in  the  leaf-stalk  of  the 
Rhubarb.      Another  interesting  modification  of  the 
spiral,  is  what  is  termed  the  KcUari/ortn  or  ladder- 
like duct ;  this  also  consists  of  a  spiral  fibre  inclosed 
in  a  membrane,  but  has  a  space  intervening  be- 
tween each  turn  of  the  spiral,  so  that  the  inner  wall 
of  the  membranous  tube  is  not  entirely  covered  by 
it,  but  seems  crossed  by  a  series  of  bars. — ^There 
are   other   ducts,    again,    in   which  the    spiral   is 
irregular, — the  coil  sometimes  terminating  in  a  ring, 
and  then  commencing  again,  with  perhaps  the  inter- 
vention of  two  or  three  rings  (Fig.  29,  b).     Here  it 
would  seem,  as  if  the  membrane  had  grown  faster 
than  the  spire  could  follow  it ;  so  that  the  fibre,  not 
being  elastic,  had  been  occasionally  broken.  —  In 
Fio.  89.        other  ducts,  again,  we  find  no  traces  of  a  tptro/  fibre ; 
^I^altZm:  ^^*  *^®  membranous  walls  are  distended  by  rings 
6.  spirmi.  with  at  intervals  sometimes  tolerably  regular.     These  are 
r«u!  a,  annu-  Called  anntdar  or  ringed  vessels  (Fig.  29,  a).     The 
i«r  throughout  transition  from  the  spiral  to  the  annular  vessels  is 
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well  seen,  in  the  handles  of  Vascular  tissue  in  the  petiole  of  the 
leaf  of  Gronnd-Ivy  and  other  plants. 

83.  These  two  forms  are  especially  interesting,  from  the 
analogies  which  can  be  found  to  them  in  the  Animal  structure. 
The  close  correspondence  between  the  spiral  vessels,  and  the 
traehstB  or  air-tubes  of  Insects,  has  been  already  pointed  out. 
On  the  other  hand,  the  annular  duct  corresponds  with  the  wind- 
pipe of  higher  animals ;  the  membranous  walls  of  which  are  pre- 
vented from  falling  together,  by  means  of  rings  of  cartilage  dis- 
posed at  regular  intervab.  And  the  half-spiral  half-annular  duct, 
which  is  the  intermediate  form  in  plants,  precisely  corresponds 
with  the  structure  of  the  wind-pipe  of  the  Dugong  (one  of  the 
Whale  tribe),  in  which  we  find  a  spircU  cartilage^  terminating  at 
intervals  in  rings. 

84.  There  are  other  forms  of  ducts,  again,  in  some  parts  of 
which  the  traces  of  the  spiral  structure  are  very  obscure ;  whilst 
in  other  portions  of  the  same  tube,  they  can  be  easily  distin- 
guished. In  these  it  appears  as  if  the  spiral  fibre  had  been 
broken  up  into  smidl  fragments,  and  that  these  had  served  as 
centres  round  which  new  deposites  had  accumulated;  so  that  they 
had  grown  irregularly  together,  leaving  interspaces  in  which  the 
meaibrane  is  uncovered  (as  in  the  dotted  duct)  by  this  secondary 
wall.  In  fact  it  often  happens  that  a  duct,  which  exhibits  in 
one  part  distinct  remains  of  the  spiral  structure, 
approaches  the  character  of  the  dotted  duct  so 
closely  in  another  part,  that  they  can  scarcely  be 
distinguished ;  and  it  is  probable  that  the  interior 
deposits  which  gives  to  the  latter  its  peculiar  cha- 
racter, may  have  originally  taken  place  around  the 
fragments  of  a  spiral  fibre. 

Sb,  In  other  instances,  however,  it  seems  clear 
thai  the  ducts  have  originated  in  cells,  which  have 
kin  end  to  end,  and  have  been  made  to  commu- 
nicate with  each  other,  by  the  breaking- down  of 
the  partitions  between  them ;  for  the  remains  of 
these  partitions  may  be  not  unfrequently  detected. 
Sometimes  these  ducts  remain,  like  the  cells  from 


Fio.  30. 
SBCTiotf     or    A 

I,AKOB        DOTTBD 

Duct.  »howlnf 
that  the  dots  are 
thiDDer  spaces 
of  its  walls. 

which  they 
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originated,  of  a  simply  membranous  character ;  but  more  com- 
monly, their  walls  are  fortified  by  an  interior  deposite,  which 
does  not,  however,  entirely  line  them,  but  leaves  the  membrane 
bare  at  certain  points,  giving  that  dotted  appearance  already 
described  in  treating  of  the  cells  (§.  74).  Hence  these  veaaels 
are  commonly  termed  dotted  duct$.  It  is  through  such  as  theee, 
that  the  sap  principally  rises  in  the  stem  and  branches,  and  is 
conveyed  to  the  leaves.  They  are  by  far  the  largest  vessels 
contained  in  the  vegetable  fabric ;  and  their  open  mouths  are 
visible  in  almost  any  stem,  when  cut  across.  They  are  of  par- 
ticularly great  diameter,  when  the  stem  itself  is  small  and  long, 
but  bears  a  considerable  amount  of  leaves,  as  is  the  case  in  the 
Vine  and  the  common  Cane ;  in  these,  tlieir  orifices  at  once  strike 
the  eye ;  and,  if  the  stem  of  a  growing  plant  be  cut  across,  the 
oozing  of  the  sap  from  their  mouths  will  be  easily  distinguished. 
86.  The  office  of  all  these  ducts  is  the  same, — ^that  of  con- 
veying fluid.  It  is  only  in  the  true  spiral  vessel,  that  we  find 
air.  These  varieties  have  been  described  with  somewhat  greater 
minuteness  than  may  appear  necessary;  because  the  young  ob- 
server who  examines  the  vegetable  structure  for  himself,  as  it  is 
hoped  that  many  will  be  led  by  these  pages  to  do,  will  be 

liable  to  be  perplexed  by  meeting 
with  them,  if  not  previously  ac- 
quainted with  their  characters. 

87.  One  other  form  of  ele- 
mentary tissue  now  remains ;  and 
this  differs  from  all  the  rest.  It  is 
a  system  of  branching  vessels,  con- 
fined to  the  under  side  of  leaves, 
and  to  the  bark,  and  serving  only 
for  the  conveyance  of  the  nutritious 
sap;  which  is  carried  by  it  from 
the  leaves,  where  it  is  produced, 
down  the  bark,  and  thence  to  all 
parts  of  the  structure.  The  walls 
of  these"  branching  vessels  are  ex- 
tremely delicate,  so  that  they  can 


Fio.  31.  —  SvBTKM   or   Bra.vchino 
Vrssrls,  for  thr  convkvanck  ok  thb 
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be  scarcely  separated  from  the  tissue  around ;  hence  it  was*  long 
supposed  that  the  nutritious  sap,  or  proper  juice  as  it  is  gene- 
rally termed,  flowed  in  mere  spaces  amongst  other  tissues, 
and  not  in  distinct  tubes.  The  existence  of  these,  however,  is 
now  well  established ;  and  there  can  be  little  doubt  that,  like 
the  straight  ducts,  they  take  their  origin  from  cells,  the  partitions 
between  which  are  broken  down,  so  as  to  form  a  complete  net- 
work of  canals. 

88.  In  future  chapters,  the  combinations  of  these  tissues  in 
the  several  organs,  such  as  the  Stem,  the  Leaves,  the  Flowers, 
&c.  will  be  described ;  but  it  may  be  well  here  to  speak  of  one 
peculiar  modification  of  cellular  tissue  which  is  seen  in  all  these 
parts, — that,  namely,  which  forms  the  cuticle  or  skin  in  which 
they  are  enveloped.  The  existence  of  this  is  easily  shown  in 
many  leaves  without  preparation.  From  the  leaf  of  the  common 
garden  Iris,  for  example,  it  may  be  easily  stripped,  or  from  the 
under  side  of  that  of  the  London  Pride ;  and  from  every  leaf  it 
may  be  easily  removed,  after  being  soaked  for  a  few  days  in 
water.  This  cuticle  is  found  to  be  usually  transparent  and  nearly 
colourless.  If  when  separated  it  should  appear  coloured,  this  is 
due  to  the  adhesion  to  it  of  some  of  the  cellules  of  the  fleshy 
portion  (or  parenckytna)  of  the  leaf ;  these  will  afford  an  oppor- 
tunity of  examining  the  form  and  structure  of  these  cellules ;  and 
they  may  then  be  wiped  away,  leaving  the  membrane  perfectly 
smooth  and  colourless  on  both  sides.  Now  when  this  ia  examined 
with  a  sufficient  magnifying  power,  it  is  seen  to  consist  of  a 
number  of  flattened  cells  in  close  contact  with  each  other ;  and 
these  cells  contain  either  air,  or  a  colourless  fluid.  Their  form  is 
very  different  according  to  the  kind  of  plant  examined.  Some- 
times they  are  of  a  regular  oblong  and  their  sides  straight ;  whilst 
in  other  instances  they  are  of  very  irregular  form,  and  lock  into 
one  another  like  the  pieces  of  a  dissected  map. 

89.  Though  the  cuticle  usually  consists  but  of  one  layer  of 
cells,  it  sometimes  contains  two  or  even  three^  especially  in  plants 
naturally  growing  in  warm  climates ;  and  in  the  Oleander />tfr 
may  sometimes  be  distinguished.  Its  office  appears  to  be,  to 
prevent  the  mobture  of  the  soft  succulent  tissues  beneath  from 
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evaporatiDg ;  since,  if  they  were  to  dry  up,  their  Tital  prc^rties 
would  be  lost.  Accordingly  we  find  it  absent  in  plants  which 
habitually  live  beneath  the  surface  of  the  water,  and  from  those 
parts  of  others  which  are  usually  submerged ;  whilst  it  is  present 
on  those  parts  of  the  same  plants,  which  are  lifted  into  the  air ; 
as  well  as  on  all  the  soft  parts  of  those,  which  are  habitually  and 
entirely  exposed  to  it.  Its  use  is  at  once  seen,  when  a  portion  of  a 
plant  destitute  of  it  is  exposed  to  the  air ; — it  then  speedily  dries 
up  and  withers.  On  the  other  hand,  the  Oleander,  exposed  to 
the  intense  sunshine  of  tropical  Africa,  maintains  its  verdure, 
even  in  arid  situations,  by  the  great  resistance  to  evaporation, 
which  its  thick  and  almost  leathery  cuticle  interposes.  The  best 
mode  of  separating  this  cuticle,  so  as  to  become  acquainted  with 
its  remarkable  firmness,  is  to  soak  a  leaf  for  a  few  days,  in  water 
rendered  sour  to  the  taste  by  a  few  drops  of  nitric  acid ;  and  it 
may  then  be  easily  stripped  off.  But  its  different  layers  can  only 
be  seen  by  magnifying  a  very  thin  slice  of  the  leaf  cut  across ; 
so  that  its  thickness,  not  its  surface,  is  exposed  to  view. 

90.  The  whole  of  the  softer  portions  of  all  plants  growing  in 
air  is  covered  by  cuticle ;  and  in  the  young  plant  the  entire 
surface.  It  is  only  when  the  stem  increases  in  diameter,  and  the 
bark  becomes  hard  and  rugged,  and  occasionally  scales  ofi;  that 
the  cuticle  can  no  longer  be  distinguished.  It  is  evident  on 
young  shoots  as  on  the  leaves,  and  may  be  traced  downwards  to 
the  point  of  the  root ;  but  this  it  does  not  cover.  It  also  protects 
all  the  organs  of  which  the  flower  is  composed ;  but  it  is  absent 
at  one  point,  for  reasons  hereafter  to  be  stated  (Chap,  xii.) 
The  walls  of  the  cells  of  the  cuticle  are  often  of  considerable 
thickness,  giving  firmness  to  the  organ  it  covers:  such  is  evident 
in  the  leaves  of  the  Holly,  the  hardened  edges  of  which  are  com- 
posed of  cells  continuous  with  those  of  the  cuticle. 

91.  The  tissues  protected  by  the  cuticle  are  not  entirely  cut 
off  by  it,  however,  from  the  external  air ;  for  it  has  certain  aper- 
tures of  a  very  peculiar  character,  which  open  or  close  under  the 
influence  of  light.  These  apertures  are  called  Stomata  (mouths). 
They  are  usually  of  an  oval  form,  and  bounded  by  two  kidney- 
shaped  cells  containing  green  matter ;  and  it  is  by  the  expansion 
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or  Gontraction  of  these,  that  the  orifice  is  diminished  or  inoreaBed. 
Sometimes,  however,  the  opening  is  round,  and  is  hounded  hy  a 
ring  of  four  or  five  such  cells;  and  in  the  very  curious  stomata  of 
the  M€trchaniia  polymorphoy  one  of  the  commonest  of  the  Liver- 
wort tribe  (§.  32),  there  are  five  such  rings,  one  beneath  the 
other,  the  aperture  resembling  a  funnel,  and  the  lowest  ring  being 
tlie  one,  which  regulates  the  amount  of  communication,  between 
the  chamber  into  which  it  opens,  and  the  external  air. 


Fio.  32.— ViBws  or  Stomata.— A,  rerttcal  section  of  Btoma  of  Irli ;  a,  a,  green  odls 
boundtng  the  orifice ;  b»  d.  oella  of  the  perenchyma ;  c,  air  chamher.  B,  riew  of  the 
■ame  fhnn  above  ;  a,  a,  green  oells  of  the  stoma,  lying  between  long  cells  of  the  cuticle ; 
c.  opening  between  them.  C.  similar  view  of  a  stoma  of  apple  leaf ;  a,  cells  of  the 
•lama;  fr«  d,  cells  of  the  oatide ;  «,  opening  of  stoma. 

92.  Stomata  are  always  placed  over  interspaces  in  the  tissue, 
which  are  called  intercellular  paseagee;  they  are  never  found  on 
the  midrib  or  veins  of  a  leaf,  nor  in  fact  over  any  hard  woody 
portion  of  the  structure.  They  are  chiefly  disposed  over  the  soft 
green  tissue  of  leaves  and  young  shoots ;  but  they  are  found  also 
on  the  parts  of  the  flower.  When  the  leaves  are  absent,  and  the 
stem  performs  their  functions, — as  in  the  Cactus  or  Prickly-pear 
tribe, — stomata  are  found  on  its  surface.  They  are  generally 
most  abundant  on  the  under  surface  of  leaves,  and  are  sometimes 
altogether  absent  from  the  upper.  This  is  partly  due  to  the  fact, 
that  the  tissue  lying  beneath  the  upper  surface  of  leaves  is  so 
closely  packed  together,  that  there  are  scarcely  any  intercellular 
passages,  into  which  the  stomata  might  open  ;  whilst  the  tissue  in 
contact  with  the  lower  cuticle  is  extremely  loose  in  comparison, 
and  abounds  with  such  passages ;  hence  it  is,  that  the  colour  of  the 
upper  surface  of  the  leaf  is  usually  so  much  deeper,  than  that  of 
the  lower.  But  in  leaves  of  which  the  two  sides  are  equally  ex- 
posed to  the  air  and  light,  such  as  those  of  the  Iris,  and  of  the 
common  Flags  growing  by  the  sides  of  brooks,  the  general  struc- 
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ture  is  nearly  the  same  on  the  two  sides,  and  the  stomata  are 
equal  in  number.  Again  in  Plants,  the  circumstances  of  whose 
growth  are  such,  that  the  atmosphere  commonly  comes  in  contact 
with  the  upper  side  only  of  the  leaf, — as  in  the  case  of  the  Water 
Lily,  the  leaves  of  which  float  on  the  surface  of  the  water, — the 
stomata  are  disposed  on  that  side  alone. 

93.  As  there  is  no  cuticle  to  protect  the  tissues  of  plants  grow- 
ing altogether  beneath  the  surface,  so  there  is  no  occasion  for 
stomata  to  admit  the  passage  of  air  to  these ;  and  acoordingly  in 
the  whole  tribe  of  Sea- weeds  we  find  no  vestige  of  them.  Neither 
can  they  be  distinctly  traced  in  the  Mushroom  tribe,  nor  in 
Lichens ;  but  in  the  Liverworts  they  present  themselves,  in  the 
most  remarkably  complex  form  which  we  anywhere  witness  ;  in 
the  Mosses  they  have  only  been  detected  on  the  stalk  which  bears 
the  fiructification ;  whilst  in  most  Ferns,  as  well  as  in  Flowering 
Plants,  they  abound. 

94.  -  Of  the  very  minute  size  of  these  curious  organs,  some 
idea  may  be  formed  from  the  fact,  that  in  some  leaves  it  is  esti- 
mated that  70,000  occur  in  a  square  inch  of  cuticle.  The  largest 
known  are  about  the  1-500  of  an  inch  in  length ;  whilst  the 
smallest  are  not  1-3000.  Their  function  is  evidently  to  allow  of 
that  limited  evaporation  of  water  from  the  feoft  tissues  of  the 
plant,  which  will  hereafter  be  shown  to  be  one  of  the  most  im- 
portant of  the  proce^fses,  by  which  the  crude  fluid  absorbed  by 
the  roots  is  converted  into  the  nutritious  sap  or  proper  juice. 
The  influence  of  light  upon  the  stomata  causes  them  to  open, 
whilst  they  contract  and  even  close  in  darkness. 

95.  It  has  also  been  shown,  that  light  has  a  most  important 
influence  on  their  first  production.  In  the  young  plant  of  the 
Marchantia  (§.  33),  when  first  separated  as  a  kind  of  bud  from 
its  parent,  no  stomata  or  roots  exist.  It  has  been  ascertained  by 
repeated  experiments,  that  stomata  and  roots  may  be  caused  to 
develop  themselves  in  either  of  the  two  sides;  the  stomata 
being  always  formed  on  the  upper  surface,  under  the  influence 
of  light,  and  the  root-fibres  proceeding  from  the  lower  towards 
darkness.  But  if  the  surfaces  be  reversed  after  the  respective 
organs  have  been  developed  to  a  certain  point,  so  that  the  stomata 
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be  directed  towards  the  gronnd,  and  the  roots  be  made  to  rise 
into  the  air,  the  little  plant  will  right  itself,  by  twisting  itself 
round,  so  as  to  bring  its  surfaces  to  their  former  position.  Fur- 
ther, when  phints  of  a  higher  description  are  grown  in  darkness, 
the  stomata  are  developed  very  imperfectly,  or  not  at  all.  Thus 
we  have  an  example  of  the  very  important  effects  of  the  stimulus 
of  li^ht  upon  the  vegetable  structure,  not  only  in  governing  its 
actions,  but  in  influencing  its  development. 

96.  With  the  cuticle  may  be  advantageously  considered  those 
appendages,  which  are  developed  from  it,  as  hairf,  priekhsy  ttings^ 
&c.  The  leaves  and  steins  of  many  plants  are  covered  with  hairs, 
which  is  sometimes  bristly,  sometimes  soft  and  downy,  and  some- 
times scattered  very  thinly.  The  structure  of  these  hairs  is  various. 
Sometimes  each  forms  but  one  long  cell ;  whilst  in  many  other 
instances,  every  hair  consists  of  a  row  of  cells  placed  end  to  end, 
and  sometimes  these  send  off  minute  side  branches.  The  analogy 
of  these  cells  with  those  of  the  cuticle,  is  shown  by  the  curioas 
fact,  that  many  plants  are  hairy,  or  not,  according  to  the  circum- 
stances in  which  they  grow.  Thus,  when  they  are  found  in  dry 
exposed  situations,  their  stems  stunted  in  growth,  and  their  leaves 


Fio. 33.— Haibs  AND  Glands  or  various  kintb-   a, gland  surmoimtcd  by  a  hair;  &, 
gmaU  gland  at  the  top  of  a  hair ;  c  and  e,  simple  hairs ;  d,  branching  hair. 

small,  their  surface  is  covered  with  hairs,  as  if  the  cells  which 
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would  haye  otherwise  formed  a  larger  cuticle  had  taken  the  shape 
of  hairs :  whilst  in  damp  shady  places,  which  favour  the  eztensioB 
of  the  loaves  and  stems,  their  surface  is  quite  smooth,  all  the 
material  heing  then  required  to  form  cuticle.  It  will  he  shown 
hereafter  (§.  278)  that  the  development  of  hairs  on  the  surface 
of  the  leaves  of  plants  growing  in  dry  situations,  &vottrs  the 
absorption  of  moisture. 

97.  Sometimes  the  hairs  are  tubular  and  pointed,  and  aire 
fixed  upon  minute  glands  in  the  cuticle,  which  secrete  an  acrid 
fluid ;  and  if  but  very  slightly  touched,  the  reservoir  at  the  base 
is  compressed,  and  the  fluid  forced  up  through  the  tube,  into  the 
wound  made  by  its  pointed  extremity.  Such  hairs  are  termed 
stin^9  ;  and  the  Nettle  aflbrds  a  familiar  example  of  them. — The 
pricklei  of  the  Rose  and  other  shrubs  are  also  appendages  of  the 
cuticle,  with  which  they  are  stripped  ofl;  and  from  which  it  is  easy 
to  detach  them.  Tliey  are  thus  distinguished  from  thomf^  whicii 
proceed  from  the  wood  of  the  branch,  and  which,  as  will  be  here- 
after stated,  may  be  regarded  as  stunted  leaf-buds.  Prickles, 
after  being  once  formed,  and  hardened  by  the  process  already 
described  (§.  74)^  undergo  no  subsequent  enlargement ;  and, 
accordingly,  if  the  cuticle  on  which  they  are  fixed  should  be 
extended,  their  base  is  not  able  to  expand  in  the  same  propor- 
tion, and  they  drop  off,  leaving  scars  on  the  surface  of  the  stalk. 

98.  Another  interesting  modification  of  cellular  tissue,  is  that 

which  surrounds  the  spaces  or 
cavities,  formed  in  certain  plants 
for  special  purposes.  Thus  in  the 
Duckweed,  the  leaves  are  pro- 
vided with  a  set  of  air-chambers, 
which  give  them  great  buoy- 
ancy ;  and  nothing  can  be  more 
beautiful  than  the  manner  in 
which  the  walls  of  these  cham- 
bers are  built  up  of  murififrm 
cellular  tissue. — In  other  cases, 
these  cavities  appear  to  be  formed 
as  receptacles  for  certain  secreted 
products :   and  here,   too,  they 


FlO.  34.— AlR-CUAMBCRS  OW  AN  AQUATIC 

Plant,  thb  vertical  walls  roRAiKD  or 

NURirORM  CBLLULAR  THWUK. 

<T,  a,  horizon Ul  luirtitiunB. 
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are  very  beautifolly  partitioned  off  from  the  snrronnding  tisane, 
by  a  peculiar  disposition  of  the  cells. 
A  good  illustration  of  these,  is  found 
in  the  rind  of  the  orange  and  lemon ; 
the  odour  and  flavour  of  which,  are 
derived  from  the  minute  drops  of 
volatile  oil,  stored  up  in  a  vast  num- 
ber of  these  little  cavities.  The  tur- 
pentine of  resinous  woods  is  collected 
in  l«ge  cbwnels  of  the  same  descrip.  a^S^^f^^-ITt^r;;; 

tion.  CXLLULAB  TinUB. 

99.  It  is  scarcely  possible  to  observe  the  number  of  different 
forms  (of  which  many  have  been  left  unnoticed)  resulting  from 
the  varied  combinations  of  the  simple  elements — membrane  and 
j$2r«,— each  of  them  probably  having  its  peculiar  function  in  the 
Vegetable  economy,  without  being  struck  with  the  simplicity  of 
the  plan,  by  which  Creative  Design  has  effected  so  many 
marvels^  as  well  as  with  the  extreme  beauty  and  regularity  of 
the  structures,  which  are  thus  produced.  The  comparis  >n  of 
such  specimens  of  Nature's  workmanship,  as  the  meanest  Plant 
affords,  with  the  most  elaborate  results  of  human  skill  and 
ingenuity,  serves  only  to  put  to  shame  the  boasted  superiority  of 
Man;  for  whilst  every  additional  power  which  is  applied  to 
magnify  the  latter,  serves  but  to  exaggerate  their  defects,  and 
to  display  new  imperfections,  the  application  of  such  to  organized 
tissues,  has  only  the  effect  of  disclosing  new  beauties,  and  of 
bringing  to  light  the  concealed  intricacies  of  their  structure. 


We  shall  next  pass  on  to  consider  the  structure  of  the  com- 
pcund  or^fone  of  the  Vegetable  fabric,  and  their  several  purposes 
and  uses. 
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STRUCTURE  AND  FUNCTIONS  OP  THE  ROOTS. 

100.  The  Roots  are  the  parts  of  the  plant,  on  which  it  is 
chiefly  dependent  for  the  supply  of  the  moisture,  which  its  growth 
requires ;  and  they  also  serve  to  fix  it  in  the  earth.  That  they 
absorb  or  suck  up  fluid  with  great  rapidity,  may  be  easily  shown 
in  the  following  manner.  Take  any  small  plant  that  is  growing 
in  the  soil,  and  immerse  its  roots  (first  clearing  them  of  earth)  in 
a  tumbler  of  water.  If  the  plant  be  exposed  to  the  light  of  day, 
and  especially  if  the  sun  shine  brightly  upon  it,  the  water  will 
disappear  very  much  faster  from  the  glass,  than  from  one  expos- 
ing the  same  surface,  and  placed  in  the  same  circumstances,  but 
vnthout  the  plant.  And  if  the  specimen  continue  to  grow  and 
flourish,  it  will  take  up  many  times  its  own  weight  of  water  in 
a  short  period.  Thus,  four  plants  of  Spearmint,  grown  during 
56  days  with  their  roots  in  water,  and  themselves  weighing  all 
together  but  403  grains,  have  been  observed  to  take  up  54,000 
grains,  or  about  seven  pints  of  the  fluid. 

101.  Of  the  water  thus  absorbed,  a  small  proportion  only  is 
retained  within  the  plant,  serving  as  a  part  of  its  food.  The 
greatest  part  of  it  is  sent  ofi^  again  from  the  leaves,  by  a  process 
hereafter  to  be  described  (Chap,  viii.),  termed  Exhalation ;  and 
the  rapidity  of  Absorption  is  in  part  governed  by  the  rapidity 
of  Exhalation.  The  latter  is  nearly  checked  by  the  absence  of 
light ;  and,  accordingly,  plants  are  found  to  absorb  but  little  in 
the  night,  or  in  a  dark  room.  Any  of  the  causes,  which  will  be 
subsequently  stated  to  influence  the  latter,  afi^ect  the  former  in  a 
nearly  corresponding  proportion.  Tlie  object  of  the  introduction 
of  a  quantity  of  fluid  into  the  vegetable  system,  so  much  larger 
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than  it  retails,  appears  to  be  this; — the  solid  mineral  matters, 
which  constitnte  an  important  part  of  the  food  of  the  plant,  are 
contained  in  the  water  which  reaches  its  roots,  in  excessively 
minote  proportion ;  and  it  is  therefore  necessary,  in  order  that  a 
sufficient  amount  of  these  may  be  obtained,  that  all  the  water  in 
which  they  are  dissolved  should  be  introduced.  As  this  is  by 
fur  too  much  for  the  other  wants  of  the  plant,  a  large  part  of  it 
b  got  rid  of  by  Exhalation* 

102.  It  is  only  in  the  more  perfect  plants,  however,  that  we 
find  a  restriction  of  this  power  of  absorption,  to  one  particular 
portion  of  the  structure.  In  the  Sea- weeds,  for  example,  the 
whole  surface  appears  equally  endowed  with  this  faculty ;  and 
there  is,  therefore,  no  occasion  for  that  transmission  of  fluid  from 
one  part  to  another,  which  is  characteristic  of  those,  in  which  we 
find  a  stem  (or  something  xx>rre8pondent  with  it),  bearing  roots 
at  one  end,  and  leaves  at  the  other.  Accordingly,  that  which  is 
the  natural  condition  of  the  latter,  is  fatal  to  the  stemless  plants ; 
for  if  a  Sea-weed  be  suspended  partly  out  of  the  water,  the  upper 
portion  will  die  from  drought,  whilst  that  which  remains  im- 
mersed will  continue  to  Uve  and  grow,  without  transmitting  any 
of  its  moisture  to  the  rest.     (See  §.  41.) 

103.  In  some  of  the  Cryptogamia  a  little  higher  in  the  scale, 
however,  we  find  a  condition  much  more  approaching  that  of  the 
Flowering-Plants.  Thus,  in  the  Mushroom,  we  observe  a  soft 
stem,  which  sends  ofi^  fibres  into  the  ground ;  and  these  appear  to 
absorb  by  their  whole  surface,  and  to  transmit  the  fluid  they 
have  acquired,  to  the  portion  which  is  elevated  in  the  tat.  In 
the  Mosses,  the  tissue  of  the  stem  is  firmer,  and  the  rootlets  which 
proceed  firom  it  are  more  woody ;  these  not  only  project  from  the 
stem,  but  also  firom  the  under  surface  of  the  leaves;  and  thus  the 
dryness  of  the  situations,  in  which  these  interesting  little  plants 
find  their  subsistence,  is  in  some  degree  compensated  for.  In 
Ferns  we  have  a  woody  stem  and  widely  ramifying  roots,  like 
those  of  the  Phanerogamia. 

104.  If  we  examine  the  roots  of  any  common  plant  with  a 
branching  woody  stem,  such  as  the  Rose,  we  shall  find  that  they 
subdivide  and  spread  beneath  the  ground,  very  much  upon  the 
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same  plan  with  the  branches  above.  Moreover,  it  will  be  seen 
that,  from  the  sides  and  extremities  of  these  underground  branches, 
there  proceed  a  number  of  delicate  fibres ;  and  if  the  extremities 
of  these  be  carefully  examined,  they  will  be  found  to  be  much 
softer  than  the  rest  of  the  structure.  Now  these  fibrils  are  the 
true  roots ;  and  their  soft  succulent  extremities,  which  are  called 
tpon^lsi^  are  the  parts  by  which  alone  they  absorb  or  suck  up 
fluid.  This  is  easily  proYed.  If  a  growing  Radish  be  carefully 
removed  from  the  ground,  and  the  fleshy  portion  be  bent  in  such 
a  manner,  that  it  can  be  covered  with  water,  whilst  the  leaves 
and  the  tuft  of  fibres  at  the  point  of  the  root  are  not  immersed, 
it  will  be  found  that  the  whole  of  this  large  surface  does  not 
absorb  moisture  enough,  to  keep  the  plant  alive.  But,  on  the 
other  hand,  if  this  tuft  of  fibres  be  only  so  far  immersed  in  the 
water,  that  their  points  may  touch  it,  whilst  the  rest  of  the  root 
is  above  the  surface,  the  plant  will  continue  to  flourish. 

105.  The  fact  is,  that  this  absorption  takes  place  with  the 
greatest  rapidity,  through  soft  newly-forming  tissue ;  and  this  is 
what  gives  the  spongioles  their  peculiar  power.  They  are,  indeed, 
simply  the  growing  pomti  of  the  rootlets,  which  are  constantly 
increasing  in  length,  and  which  in  this  manner  go  in  search,  as 
it  were,  of  the  supplies  of  food,  of  which  they  have  exhausted  the 
soil  that  previously  covered  their  extremities.  As  this  growth 
continues,  the  tissue  at  first  formed  gradually  becomes  con- 
solidated ;  and  when  it  has  become  haurdened,  it  is  no  longer 
adapted  for  absorption  in  more  than  a  very  trifling  degree ;  so 
that,  to  the  newly-forming  point  of  the  fibre,  this  power  is 
always  nearly  restricted.  But  in  the  young  plant,  there  is  an 
interesting  correspondence  with  the  condition  of  the  lower 
tribes;  for  the  soft  roots,  which  are  first  sent  down  from  the 
seed,  when  it  is  commencing  to  grow  or  germinate,  are,  like  the 
fibres  proceeding  from  the  base  of  the  Mushroom-stem,  capable 
of  absorbing  by  their  whole  surface ;  and  it  is  only  when  woody 
fibre  begins  to  be  formed  in  them,  that  the  power  is  restricted  to 
their  extremities. 

106.  The  knowledge  that  the  delicate  fibres,  proceeding  from 
what  are  commonly  known  as  roots,  are  the  true  and  only  organs 
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•f  Abscnrption,  has  an  important  practical  application.  It  very 
commonly  happens  that,  in  transplanUnff  shrubs  or  trees,  of  which 
the  roots  extend  a  good  way  into  the  soil,  enough  care  is  not  taken 
to  preserve  these ;  and  the  plant  either  languishes  for  some  time, 
until  it  is  able  to  form  new  oneMs,  or  dies  altogether.  It  is  seldom 
that,  tinder  common  treatment,  a  fruit-tree  will  bear  in  the  first 
season  after  transplantation.  The  following  instance,  however, 
will  show  what  mode  of  proceeding  is  directed  by  the  knowledge 
just  communicated,  and  what  success  attends  it.  A  gentleman 
in  Shropshire  had  some  valuable  vines,  which  he  wished  to  re- 
move to  a  new  property  on  which  he  was  going  to  live  in  Nor- 
folk. If  e  had  a  trench  dug  around  them,  at  such  a  distance  as, 
it  was  believed,  would  include  all  their  roots.  The  earth  within 
this  was  then  removed,  not  with  spades  and  trowels,  but  with 
the  fingers, — every  fibril  being  thus  uncovered  without  injury. 
The  mass  of  roots  was  then  wrapt  in  moist  matting ;  the  vines 
were  carried  across  England,  and  then  planted ;  and  in  the 
ensuing  season  they  bore  an  abundant  crop. 

107.  It  is  often  observed,  that  the  growth  of  roots  takes 
place,  in  the  durection  best  adapted  to  supply  them  with  moisture ; 
and  it  has  been  supposed  that  plants  possessed  a  kind  of  instinct, 
or  consciousness,  which  caused  them  to  select  this.  Many  of  these 
eases,  however,  can  be  explained  without  having  recourse  to  such 
a  supposition ;  and  it  is  probable  that,  with  the  advance  of  know- 
ledge on  this  subject,  the  remainder  will  be  also.  In  fact,  to 
attribute  such  an  instinct  to  Plants,  is  to  place  them  above  the 
lower  Animals,  which  do  not  exhibit  the  power  of  making  a 
choice  of  this  kind.  The  most  common  cases  are  those  most 
easily  explained.  A  plant  is  in  a  dry  soil,  and  it  sends  out  its 
roots  into  a  moister  one ;  or  it  is  in  a  garden-pot,  and  its  roots 
project  through  the  hole  at  the  bottom,  into  the  water  which  the 
pan  below  it  may  contain,  or  into  the  moist  earth  with  which  it 
may  be  surrounded.  Now  this  is  explained  upon  the  following 
simple  principle.  The  addition  which  is  constantly  being  made 
to  the  extremities  of  the  fibres,  takes  place  in  the  direction  of 
Isatt  resistance;  and,  when  the  roots  are  making  their  way 
through  a  hard  dry  soil,  the  direction  of  least  resistance  will  be 
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that,  in  which  the  etrth  is  loosened  by  the  flow  of  water ; 
towards  the  source  of  that  moisture,  therefore,  the  growth  of  the 
roots  will  be  directed. 

108.  The  same  principle  has  another  curious  application. 
Roots  haye  been  known  to  insinuate  themselves  into  the  creyicea 
of  walls,  or  eren  into  diinks  in  the  stones  themseWes ;  and  to 
burst  asunder  the  walls  of  these  after  some  time.  Now  when  a 
root  meets  with  such  an  obstacle  as  this  in  its  growth,  it  is  turned 
aside  for  a  time,  and  endeavours,  as  it  were,  to  creep  round  it 
But  should  a  chink  give  tha  opportunity  for  the  new  tissue  to  be 
deposited  without  obstacle,  in  its  original  direction,  the  root  will 
find  its  way  into  it.  The  fibril  will  grow,  by  the  nourishment 
sent  to  it,  and  by  its  own  absorption,  until  it  can  no  longer  in- 
crease, without  tiie  separation  of  the  walla  which  confine  it ;  and 
this  is  accomplished  by  the  force  with  which  it  imbibes  fluid, 
which  causes  it  to  distend  itself  with  great  violence.*  This  dis- 
tention is  of  the  same  character  as  that  of  a  piece  of  dry  wood, 
when  exposed  to  moisture. 

109.  The  foregoing  explanations  will  apply  to  a  case  of  no 
unfrequent  occurrence,  in  which  a  tree  growing  on  one  side  of  a 
road  sends  out  roots  to  a  ditch  or  stream  on  the  other, — these 
roots  dipping  deep  beneath  the  hard  bed  of  the  road,  and  rising 
again  on  the  farther  side.  It  is  evidently  by  the  slight  drainage 
or  percolation  of  water,  which  will  take  place  along  this  line, 
that  the  roots  follow  the  same  conrse.  A  more  remarkable  case, 
however,  which  has  been  more  than  onoe  observed,  is  where  the 
roots  direct  themselves  along  a  naked  rock,  to  reach  water  at  a 
distance  of  perhaps  twenty  feet :  or  where,  as  in  a  case  recently 
seen  by  the  Author,  a  tree  growing  near  the  side  of  a  well,  has 
sent  down  a  root  through  a  narrow  ohink  in  its  side ;  which  root, 
after  descending  for  several  feet  without  subdivision,  has  thrown 
out  a  vast  number  of  small  branches  and  fibres,  as  soon  as  it 

*  It  ii  by  this  tune  kind  of  force,  rasulttng  from  Capittmrp  AUraeihnr  (too 
MaciUN.  PHiLot.  §.  30)  that  mill-ttoDet  tre  tplh  in  qnarrlet.  A  loi^  cjUnder 
ia  fint  eat  oat ;  and  grooves  are  then  chiselled  in  its  circamference,  at  the  points 
where  it  is  desired  to  divide  it.  Wedges  of  wood  are  then  driven  into  the  grooves, 
and  these  are  moistened ;  by  th^r  violent  expansion,  the  stone  is  split  into  the 
required  number  of  parts. 
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approached  the  surface  of  the  water.  It  is  not  improbable  that 
the  constant  ascent  of  vapoar  into  the  air  in  that  direction,  may 
be  in  part  the  cause  of  this  curious  mode  of  growth.  An  in- 
stance occurs  in  Leigh  Woods  near  Bristol,  which  remarkably 
illustrates  this  tendency  of  roots,  to  grow  towards  the  spot  most 
fitted  to  afiord  them  nutriment.  In  a  little  hollow  on  the  top  of 
the  shell  of  an  old  Oak  (the  outer  layers  of  which,  however,  and 
the  branches,  are  still  vegetating)  the  seed  of  a  Wild  Service-tree 
was  accidentally  sown.  It  grew  there  for  some  time,  supported, 
as  it  would  appear,  in  the  mould  formed  by  the  decay  of  the 
trunk  on  which  it  had  sprouted ;  but  this  being  insufficient,  it 
has  sent  down  a  large  bundle  of  roots  to  the  ground,  within  the 
shell  of  the  Oak.  These  roots  have  now  increased  so  much  in 
siee,  that,  as  they  do  not  subdivide  until  they  nearly  reach  the 
ground,  they  look  like  so  many  small  trunks.  In  the  soil,  how- 
ever, towards  which  they  directed  themselves,  there  was  a  large 
stone, — ^about  a  foot  square;  and,  had  their  direction  remained 
michanged,  they  would  have  grown  down  upon  this.  But  oboixt 
half  a  yard  above  the  ground,  they  divide,  part  going  to  one  side, 
and  part  to  the  other ;  and  one  of  them  branches  into  a  fork,  of 
which  one  leg  accompanies  one  bundle,  and  one  the  other ;  so 
that,  on  reaching  the  ground,  they  enclose  the  stone  between 
them,  and  penetrate  on  the  two  sides  of  it. 

110.  This  example  serves  to  show  another  fact, — that  it  is 
oot,  in  evay  case,  that  we  are  to  regard  the  parts  of  the  axis 
which  are  above  ground,  as  Stems,  and  those  which  are  beneath 
it,  as  Roots.  There  is  a  tree  peculiar  to  tropical  climates,  cidled 
the  Pimdanm  or  Screw  Pine,  in  which  the  roots  are  always 
formed  in  somewhat  of  this  manner.  The  stem  is  smallest  at  its 
lowest  part,  and  it  enlarges  considerably  above ;  hence  it  would 
be  very  unsteady,  without  some  additional  support ;  and  this  is 
provided  for,  by  the  transmission  of  the  roots,  not  only  from  the 
bottom  of  the  stem,  bat  at  difierent  parts  of  its  ascent  These 
grow  downwards  in  the  air,  and  are  provided  at  their  extre- 
mities with  a  kind  of  cup,  which  catches  the  ram  and  dew  by 
which  they  are  partly  assisted  in  their  elongation  ;  when,  how- 
«ver,   they  have  reached  the  ground,  this  falls  off,  and  their 

«  2 
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extremities  become  true  spongioles.     When  they  begin  to  absorb 


Via.  9S.->PAirDAKUB  or  Scrsw  Pinb.    a.  &»  c,  aeriul  roots  partly  serving  as  stems  i 
U,  e,  mots  not  yet  reaching  the  ground. 

nourishment  from  the  earth,  they  increase  greatly  in  diameter, 
and  seem  Hke  so  many  assistant-steDtis. 

111.  The  general  fact  is,  that  the  Root  is  the  portion  of  the 
axis,  which  has  a  tendency  to  grow  downwards  towards  moisture, 
and  away  from  light ;  whilst  the  Stem  is  the  portion,  which  tends 
to  grow  upwards,  into  the  dry  air,  and  towards  light.  This  ten- 
dency is  manifested,  during  the  earliest  period  of  the  growth  of 
a  plant  from  seed.  Two  parts  always  originate  from  it ;  one  of 
which,  termed  the  plumula  (from  its  resemblance,  when  just  un- 
folding, to  a  little  feather),  is  the  rudiment  of  the  stem  and 
leaves ;  whilst  the  other,  called  the  radkle,  is  the  young  root. 
Tlie  first  of  these  exhibits  from  the  commencement  a  tendency  to 
grow  upwards,  and  the  second  a  similar  tendency  to  descend. 
The  late  ingenious  experimenter,  Mr.  Knight,  devised  a  means 
4>f  siiowing,  that  the  direction  of  the  roots  is  in  part  owing  to  the 
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force  of  gravity.  He  placed  some  germinating  beans  on  the  circum- 
ference of  a  vertical  wheel ;  and  made  this  re- 
volve rapidly  and  continnousljfor  several  days. 
From  the  constantly  varying  position  of  the 
seed,  the  force  of  gravity  was  here  neutralised ; 
but  a  new  force  was  substituted  for  it, — the 
centrifugal  force,  or  tendency  to  fly  from  the 
centre,  which  a  stone  (for  eacample)  let  loose 
frt)m  the  circumference  of  such  a  wheel  whilst 
revolving  would  exhibit.*  The  root,  influ- 
enced by  this  force  as  ordinarily  by  that  of 
gravity,  grew,  in  every  instance,  away  from 
the  centre  of  the  wheel,  whilst  the  stem  grew 
towards  it. 

112.  In  another  experiment,  the  wheel 
was  made  to  revolve  horizontally,  so  that  the 
force  of  gravity  continued  to  operate,  but  in 
combination  with  the  centrifugal  force ;  in 
P'«- ^^.-GBwiiifATiifo  ^jjig  instance,  the  direction  of  the  radicle 
a.pinmiiia;^nuUoie.  ghowed  the  evident  influence  of  both;  for 
it  pointed  downwards  and  outwards,  ^hy  the  radicle  should  be 
thus  influenced  by  the  force  of  gravity,  when  the  plumula  grows 
in  opposition  to  it,  is  a  question  that  has  not  yet  been  answered ; 
but  it  is  interesting  to  know  the  fiict.  We  are  as  completely 
ignorant  of  the  ultimate  causes  of  the  most  common  occurrences. 
We  do  not  know,  for  example,  why  the  earth  should  attract  the 
bodies  on  its  surface,  or  why  it  should  itself  be  attracted  by  the 
sun.  We  only  know  the  general  fact,  that  all  masses  of  matter 
attract  one  another. 

113.  Boots  are  ordinarily  distinguished  from  stems,  not  only 
by  their  direction,  but  also  by  the  presence  of  the  absorbing  fibres, 
and  by  the  absence  of  buds, — which  last  are  so  characteristic  of 
the  Stem,  that  any  part  on  which  they  appear  may  be  ordinarily 
considered  such,  even  though  it  is  growing  underground.  In 
general,  however,  the  stem  possesses  the  power  of  sending  out 

•  Swo  Mkcuam.  PuiLot.  §.  211. 
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root-fibres  from  any  part ;  as  is  shown,  by  breaking  off  a  slip  of 
a  branch  and  sticking  it  in  the  ground ;  when  if  properly  attended 
to,  it  will  usually  form  roots  for  itself,  and  soon  become  a  new 
plant.  But  it  is  more  rare  to  find  the  roots  capable  of  forming 
leaves  and  flowers ;  this,  however,  is  the  case  in  some  instances, 
such  as  the  Maple — a  tree  which  may  be  completely  inverted, 
the  branches  being  buried  in  the  ground,  and  the  roots  spread 
forth  into  the  air,  without  being  destroyed. 

114.  The  structure  of  the  root-fibre,  and  of  the  spongiole 
which  terminates  it,  may  be  beautifully  seen  in  the  common 
Duckweed ;  in  which  a  single  such  fibre  hangs  from  the  under 
surfiice  of  every  leaf^  for  whose  nourishment  it  is  destined.  On 
looking  at  it  with  a  magnifying-glass,  or  microscope,  a  dark  line 
is  seen  along  its  centre ;  this  consists  of  the  bundle  of  vessels,  by 
which  that  part  is  occupied.  These  are  enclosed  in  a  firm  sheath 
of  cellnlar  tissue ;  and  at  the  point,  this  tissue  is  observed  to  be 
softer,  more  spongy,  and  less  regularly  formed.  The  extremities 
of  the  fibres  are  often  seen  to  be  covered  with  a  little  cap,  that 
corresponds  with  the  cup  which  the  aerial  roots  of  the  Pandanus 
liave  been  spoken  of  as  possessing  (§.  110). 

116.  The  vnde-spreading  roots  of  a  forest- tree  do  in  reality 
consist  but  of  bundles  or  collections  of  such  fibres,  strengthened 
by  woody  structure  resembling  that  of  the  stem,  and  arranged  in 
the  same  manner.  The  structure  of  the  ▼^oody  roots  corresponds 
mainly  with  that  of  the  stem ;  being  Exogenous  in  Exogens, 
and  Endogenous  in  Endogens  (Chap,  t.)  ;  but  in  the  former  no 
pith  exists  in  the  roots,  their  centre  being  occupied  by  vessels. 
The  spread  of  the  roots  from  the  stem,  is  usually  greater  than 
that  of  the  branches ;  so  that  the  rain  which  is  prevented  by  the 
latter  from  falling  direct  upon  the  ground,  is  directed  just  to 
that  part  through  which  the  root-fibres  are  distributed,  ready  to 
8Dck  it  up. 

116.  The  force  vnth  which  the  roots  absorb  fluid  is  very 
considerable.  If  a  Yine  be  wounded  in  the  stem,  when  the  sap  is 
rising  in  the  spring,  a  large  quantity  will  flow  out,  and  will  con- 
tinue to  do  so  for  some  time.  An  Elm  tree,  from  which  a 
portion  of  the  bark  and  outer  layers  of  wood  had  been  accident- 
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ally  iorn  off,  has  been  known  to  pour  forth  from  the  wound  manj 
gallons  in  a  few  hours ;  and  the  loss  could  only  be  restrained,  hy 
nailing  a  leaden  plate  very  firmly  over  the  part.  If  the  stem  of 
a  Yine  be  cut  through,  when  the  sap  is  ascending,  and  a  pieoe  of 
bladder  be  tied  over  the  surface  of  the  lower  part,  this  is  soon 
distended  with  fluid,  and  in  a  few  hours  will  burst.  Or  if  to 
this  portion  be  fixed  a  bent  tube,  in  such  a  manner  that  the  fluid 
'which  rises  shall  hare  to  lift  a  column  of  mercury,  the  absolute 
force  may  be  measured ;  and  this  is  found  to  be  very  great. 

117.  The  question,  then,  arises, — ^by  what  power  do  the  roots 
thus  absorb  and  force  upwards  through  the  stem  the  fluid  of  the 
surrounding  soil  ?  Is  this  power  peculiar  to  the  liying  system,  or 
can  we  in  any  way  account  for  it  on  the  laws  of  Mechanics  ? 
Something  analogous  may  be  effected  by  the  experimenter,  with 
materiab  which  he  obtains  from  dead  structures,  or  cTen  fr«m 
inorganic  matter.    If  a  glass  vessel,  of  the  shape  delineated  in  the 

figure,  have  its  wide  open  mouth  covered  with  a 
piece  of  bladder,  and  its  cavity  filled  with  rather 
thick  83rrup  or  gum-water,  whilst  the  under  side 
of  the  bladder  is  immersed  in  simple  water,  the 
volume  of  fluid  within  the  glass  will  be  much  in* 
creased,  by  the  passage  of  water  fr^m  without, 
through  the  bladder,  to  mix  with  the  fluid  in  the 
interior ;  and  this  entrance  will  continue,  as  long 
"^  ^  as  there  is  much  difference  in  density,  between 

the  fluids  on  the  two  ndes  of  the  bladder.  But  there  is  also  a 
contrary  current  to  a  less  amount, — ^the  interior  fluid  passing  out 
to  mix  with  the  surrounding  water.  The  increase  in  the  volume 
of  the  fluid  within  the  vessel  is,  therefore,  equivalent  to  the  dif- 
ference in  the  amount  of  the  opposite  currents.  If^  on  the  other 
hand,  the  glass  were  filled  with  water,  and  immersed  in  sjrrup,  it 
would  be  partly  emptied  by  this  action. 

118.  The  principal  current  is  termed  Endotmoie  (flow  in* 
wards) ;  and  the  lesser  one  is  called  Exotmoie  (flow  outwards). 
Bladder  or  animal  membrane  is  by  no  means  the  only  porous 
substance,  which  may  be  used  for  this  purpose ;  though  it  is  the 
most  fitted  to  exhibit  the  experiment^  from  the  rapidity  of  the 


Digitized  by  VjOOQ IC 


88  END08M08E   AND   BX08M08B. 

action  which  takes  place  through  it.  Half-baked  porcelain,  and 
a  peculiar  porous  limestone,  have  been  shown  to  have  the  same 
properties  ;  so  that  it  is  evident,  that  this  curious  result  is  not 
dependent  upon  any  modification  of  viuU  power.  It  is,  \m  foct, 
but  a  peculiar  form  of  eapillaty  aUraction,* 

119.  Now  the  conditions  requisite  for  this  action,  are  two 
fluids  of  different  densities,  separated  by  a  tepium  or  partition  of 
a  porous  character.  This  we  find  in  the  roots.  The  fluid  in 
their  interior  is  rendered  denser  than  the  water  around,  by  an 
admixture  (as  will  be  hereafter  explained,  §.  140)  of  the  de- 
scending sap ;  and  the  spongiole  supplies  the  place  of  the  par- 
tition. Thus,  then,  as  long  as  this  difference  of  density  is  main- 
tained, the  absorption  of  fluid  may  continue.  But  if  the  rise  of 
the  sap  is  due  to  the  action  of  Endosmose,  there  ought  also  to 
be  an  ExosBoose.  This  is  found  to  take  place ;  for  if  a  pkmt  be 
grown  with  the  roots  in  water,  the  fluid  surrounding  them  is 
soon  found  to  contain  some  of  the  peculiar  substances  they  form, 
and  which  are  contained  in  the  desoendiBg  sap ;  thus  a  Pea  or 
Bean  would  disengage  a  gummy  matter, — a  Poppy  would  com- 
municate to  the  water  an  opiate  impregnationy — and  a  Spurge 
would  give  it  an  acrid  taste. 

120.  Thus  we  see  how  beautifully  and  how  simply  tki» 
action,  extraordinary  as  it  seems,  is  accounted  for,  when  its 
whole  history  is  known,  on  principles  which  operate  in  other 
departments  of  Nature.  It  has  been  asked, — why  should  not 
Endosmose  take  place,  when  the  roots  of  a  dead  plant  are  put  in 
water?  This  question  may  be  answered  by  another; — why 
does  the  wick  of  a  lamp  suck  up  oil,  only  when  it  is  lighted  I 
The  answer  to  both  is,  that  it  is  only  when  the  fluid  already 
absorbed  is  in  some  way  removed,  that  absorption  can  go  on. 
In  the  latter  case,  as  fast  as  it  is  withdrawn  by  combustion,  the 
lower  part  of  the  wick  raises  it  by  capillary  attraction.  In  the 
former,  as  fast  as  the  fluid  is  got  rid  of  by  exhalation  firom  the 
leaves  (Chap.  Tni.),  the  Endosmose  below  will  keep  up  the 
supply ;  but  if  the  demand  is  suddenly  checked,  (as  when  the 
plant  is  withdrawn  from  the  influence  of  light,  or  its  vitality  be 

*  Sec  Mechanical  Philosophy,  §.  28. 
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dmtroyed  by  ao  electric  shock,)  there  is  no  room  for  any  addi- 
tional flnid  within  the  system,  and  the  absorption  is  checked  also. 

121.  When  the  upper  part  of  the  stem  is  cnt  off,  the  sap  will 
continue  to  rise  by  the  force  of  Endosmose  in  the  roots,  so  long 
as  the  fluid  within  is  of  greater  density  than  the  fluid  loitkout. 
But  that  will  soon  cease  to  be  the  case,  the  actions  of  the  leaves 
being  destroyed,  and  no  descending  sap  being  intermixed  to 
keep  up  the  force.  These  two  causes,  then, — ^the  absence  of  any 
demand  for  sap  in  the  leavto,  and  the  cessatidn  of  the  condition 
necessary  for  the  maintenance  of  Endosmose, — are  quite  sufficient 
to  account  for  its  absence  in  the  dead  plant ;  and  its  performance 
soon  becomes  impossible  for  another  reason, — the  decay  of  the 
soft  tissue  of  the  spongiole,  through  which  it  is  performed. 

122.  The  nature  of  the  fluid  absorbed  by  the  roots  of  plants 
will  be  more  fully  discussed  in  Chapter  yi.  ;  when  their  food, 
and  the  mode  in  which  they  are  nourished  by  it,  will  be  described. 
It  may,  however,  be  stated  here,  that  they  appear  to  have  a 
certain  power  of  9electian, — some  of  the  substances  dissolved  in 
the  fluid  which  surrounds  the  roots  being  absorbed,  and  others 
being  rejected.  Thus,  if  a  grain  of  Wheat,  and  a  Pea,  be  grown 
in  the  same  soil,  the  former  will  obtain  for  itself  all  the  iilex  or 
flinty  matter,  which  the  water  can  dissolve ;  and  it  is  the  depo* 
ntion  of  this  in  the  stem,  which  gives  to  all  the  Grasses  so  much 
firmness.*  On  the  other  hand  the  Pea  will  reject  this,  and  will 
take  up  whatever  calcareous  substances  (or  those  formed  of  lime 
and  its  compounds)  the  water  of  the  soil  contains, — ^these  being 
rejected  by  the  Wheat. — Again,  if  the  roots  be  placed  in  water, 
coloured  by  any  substance,  of  which  the  particles  are  very  minute, 
the  finest  of  these  will  be  absorbed  with  the  fluid,  and  will  be 
carried  to  the  leaves ;  whilst  the  coarser  ones  are  left  behind.  In 
the  same  manner,  if  the  roots  be  immersed  in  a  solution  of  gum 
or  sugar,  a  certaiA  proportion  only  of  these  substances  will  be 
taken  up  with  the  fluid  in  which  they  are  dissolved ;  and  that 
which  remains  will  thus  become  gradually  thicker. 

*  There  it  enough  sUex  in  ft  Wheat-straw  to  make  a  head  of  glass,  when  melted 
with  potaah  with  the  hlow-pipe  ;  and  in  the  Bamhoo  it  is  sometimes  collected  in  the 
knots  in  laige  masses,  forming  the  substance  called  iaboihetr  in  the  East.  See 
also  §.  201. 
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128.  Thb  chief  office  of  the  Stem  appears  to  be,  to  elcTate 
the  leayes — which  are  organs  destined  to  convert  the  crude  fluid 
absorbed  hy  the  roots,  into  nutritious  sap  for  the  supply  of  food 
to  the  structure, — and  the  flowers, — ^in  which  a  part  of  this  sap 
is  applied  to  the  production  of  new  individuals, — into  the  most 
favourable  position  for  receiving  the  influence  of  light,  heat,  and 
air,  on  which  their  due  actions  depend.  Accordingly  we  usually 
find  it  most  developed,  in  those  kinds  of  plants,  in  which  one 
portion  of  the  surfiAce  is  set  apart  for  the  absorption  of  fluid,  and 
another  for  its  exposure  to  these  influences.  In  the  little  plant 
which  constitutes  the  Red  Snow,  and  in  others  of  a  similar  grade 
of  organisation,  we  find  the  whole  surfiuw  adapted  to  absorb,  and 
the  whole  sur&oe  equally  exposed  to  air ;  there  is,  therefore,  no 
necessity  for  a  stem.  But  as  soon  as,  in  the  Mushroom  tribe  for 
example,  the  plant  sends  roots  into  the  earth,  it  elevates  the 
other  portion  above  it  by  means  of  a  stem ;  and  in  this  stem 
there  is  a  set  of  channels  or  passages,  which  serve  to  convey  the 
absorbed  fluid  firom  below  upwards.  But  in  these  humble  plants, 
destined  to  live  but  for  a  short  time,  and  then  speedily  to  decay, 
there  is  no  necessity  for  providing  the  short  stem  with  the  tough- 
ness required  in  the  trunk  of  the  lofty  forest-tree,  which  braves 
the  storms  of  centuries.  And  acoordingly  we  find  that,  whilst 
in  the  former  the  tissue  is  soft  and  oellular,  resembling  that  of 
the  rest  of  the  structure,  in  the  latter  it  is  firm,  conmsting  almost 
entirely  of  woody  fibre ;  and  that  this  is  consolidated,  by  the 
deposition  of  hard  matter  within  its  tabes. 

124.     Between  these  two  extremes  of  softness  and  toughness^ 
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there  are^  great  many  intermediate  conditions.  In  flowering- 
plants  which  only  live  for  one  year,  and  are  hence  known  as 
annudUy  the  stem  is  usually  herbaeeom  ; — that  is,  it  consists 
almost  entirely  of  soft  cellular  tissue,  hut  contains,  however, 
some  hundles  of  woody  fibre  and  vessels,  which  may  be  traced 
to  the  stalks  of  the  leaves.  These  are  commonly  known  as  the 
strings  of  vegetables  whose  stalks  or  roots  are  eaten,  such  as 
Asparagus  or  Turnips ;  and  that  degree  of  9tring%nes$  which 
makes  such  plants  unfit  for  the  table,  when  their  growth  is  too 
fur  advanced,  results  from  the  increased  formation  of  woody  fibre^ 
which  takes  place  towards  the  end  of  the  season.  In  those  plants, 
however,  the  duration  of  whose  life  is  greater,  the  stem  gradually 
becomes  consolidated  by  the  formation,  in  each  year,  of  a  new 
set  of  these  bundles ;  so  that,  in  time,  the  soft  cellular  part  beara 
but  a  small  proportion  to  the  whole.  Herbaceous  and  woody 
stems,  however,  are  at  first  formed  upon  the  same  plan ;  the 
structure  of  a  first-year's  branch  of  an  Oak,  for  example,  being 
essentially  the  same  with  that  of  the  stem  of  an  annual  Pea. 
The  foundation  is  laid,  as  it  were,  by  an  extension  of  the  cellular 
tissue  from  which  it  springs  at  first,  this  being  the  kind  of  struc- 
ture which  most  rapidly  increases ;  and  the  consolidation  of  thia 
is  then  gradually  effected,  by  the  deposition  of  woody  fibre  in 
its  substance. 

125.  But  the  stems  of  Flowering-plants  are  not  all  formed 
.  upon  the  same  plan ;  in  &ct  there  are  two  different  and  nearly 
opposite  modes,  in  which  the  woody  bundles  are  arranged  in  the 
stem ;  and  to  one  of  these,  they  may  be  all  referred.  If  the 
stem  of  the  Asparagus  be  cut  across,  it  will  be  seen  that  they 
are  distributed  at  intervals  through  its  whole  substance.  On 
the  other  hand,  in  the  stem  of  a  Pea  they  would  be  seen  regu- 
larly arranged  in  a  circle,  a  little  beneath  the  exterior.  The 
fcnrmer,  if  it  continued  to  live  and  grow,  would  have  its  new 
bundles  deposited  in  the  tnlmor  of  the  stem ;  whilst  the  latter, 
if  it  survived  a  second  summer,  would  have  a  new  circle  of  woody 
bundles  deposited  on  the  €xt0nar  of  the  first.  The  former  is  then 
called  an  Endogsn,  (growing  from  within) ;  the  Utter  an  Exoqbn 
(growing  outside).      To  the  firti  division  belong  the  Palms, 
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Bambooe,  Canes,  and  many  other  hard-stemmed  and  lofty  tribes, 
inhabiting  tropical  climates ;  but  scarcely  any  except  herbaceous 


Fio.  39.«AoAVB  AjinucAWA  ;— Endooih. 

plants  belonging  to  this  division,  exist  in  temperate  regions ;  tho 
chief  tribes  which  it  includes  in  this  country  being  the  Lilies, 
with  most  other  bulbous-rooted  plants,  and  the  Grasses.  To  the 
aecond  belong  all  the  trees  and  shrubs,  and  a  large  proportion  of 
the  plants,  of  temperate  climates ;  whilst  between  the  tropics, 
its  place  is  partly  occupied  by  the  other.  The  last,  as  being  the 
best  known  in  this  country,  will  be  first  described. 

126.  If  we  cut  across  a  young  twig  of  any  common  tree  or 
shrub,  such  as  the  Ash,  Elder,  &c.  we  shall  observe  that  it  con- 
sists of  three  distinct  parts,  ordinarily  known  as  the  PUh^  Wood^ 
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and  Bark.  The  pith  is  a  soft  spongy  substance  occuppng  the 
centre ;  if  a  thin  slice  of  it  be  cut,  either  across  or  vertically,  and 
magnified,  it  is  seen  to  consist  entirely  of  cellular  tissue,  the  cells 


Fro.  40— Bbkh  Trkr  :— Exoobn. 

of  which  are  mostly  of  a  very  regular  form  (§.  ^\).  When 
young  it  contains  a  good  deal  of  fluid,  and  has  a  greenish  hue ; 
when  the  branch  is  older,  it  becomes  white  and  dry ;  and  in  an 
old  stem  or  branch,  it  is  often  found  to  have  shrivelled  up  and 
almost  entirely  disappeared. 

127.  Now  this  pith  is  the  first-formed  portion  of  the  Stem  ; 
being  m  fact  the  remainder  of  that  cellular  structure,  of  which 
the  whole  was  originally  composed,  but  which  gradually  gives 
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place  to  the  woody  portion  :  and  whilst  at  first  it  has  to  impart 
nourishment  to  the  organs  which  are  growing  from  it,  thia 
function  is  performed  more  perfectly  hj  the  yessels,  as  soon  as 
ihey  are  developed  in  the  stem,  and  the  pith  becomes  of  no  fur- 
ther use.  The  pith  of  a  branch  is  always  an  extension  of  that 
of  the  branch  or  stem  from  which  it  sprang ;  and  if  the  latter  be 
cnt  through,  just  where  a  bud  is  rising  from  it,  this  will  be  seen 
at  first  to  consist,  almost  entirely,  of  a  kind  of  prolongation  of 
the  cellular  portion,  which  occupies  its  centre.  The  pith  of  trees 
is  applied  to  no  important  use.  One  curious  product  is  obtained 
however  from  the  large  pith,  which  constitutes  nearly  the  entire 
stem  of  an  herbaceous  plant ;  this  is  the  substance  known  as  Rice 
Paper^  which  is  made  by  cutting  the  soft  portion  of  the  stem 
with  a  sharp  knife,  in  a  spiral  manner,  so  as  to  cause  it  to  spread 
out,  as  if  a  sheet  of  paper  were  being  unrolled  from  a  round 
ruler.  It  is  then  flattened  out  by  pressure ;  but  its  character, 
as  cellular  tissue,  like  that  of  other  piths,  may  be  easily  shown 
by  magnifying  a  small  portion  of  it. 

128.  The  pith  is  surrounded  by  the  woody  layers,  the  num- 
ber and  thickness  of  which  depend  upon  the  age  of  the  branch 
or  stem.     In  the  herbaceous  stem,  the  woody  portion  (as  already 

stated)  presents  itself  in  the  form  of 
distinct  string$y  arranged  in  a  circle 
between  the  large  pith  and  the  ex- 
ternal skin  or  bark.  Each  string  is 
separated  fr^m  its  neighbours  by  a 
prolongation  of  the  pith,  which  thus 
maintains  its  connection  with  the 
bark.  In  the  stem  of  a  second 
year,  however,  these  bundles  are 
found  to  form  a  second  ring,  en- 
Pio.4i.-Du«uiitii.cwBATw.Tiw  closinff  the  first,  but  still  beneath 

voRMATioir  or  TRM  Stbm,    o,  pith;  ft,     ,        -°  ,  i  7,     .  .    •. 

bATk ;  c.  e.  c.  piatM  of  oeUuUur  tteue  the  bark  ;   which  18  camed  out^ 

'^^,.T;::^tJS!^tSS.^''«^'^'^^^^^»A^-^-^  The 

poMd  between  theM.  prolongations  of  the  pith  still  exist ; 

but  they  become  narrower  in  each  ring,  and  at  last  appear  merdy 
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as  lines  diverging  from  the  centre.  They  are 
called  medullary  rays  (or  rays  passing  off  from 
the  medulla  or  pith) ;  and  their  office  is  to 
maintain  a  constant  connection,  between  the 
pith  and  interior  of  the  stem,  and  the  bark  or 
exterior,  for  an  important  purpose  hereafter  to 
be  mentioned  (§.  140).  The  thin  plates  which 
they  form,  crossing  as  they  do  the  direction  of  g^cnon  o7~a  pmmmr 
the  fibres  of  the  wood,  are  known  as  the  iilver  ^'  ^"  exoo«now« 
ynun  by  Carpenters.  In  many  mstances  they  crobbixo  that  or  tbb 
add  greatly  to  the  beauty  of  the  wood.  r."rJ;ird,:^r».  t 

129,  The  number  of  rings  or  layers,  of  woody  fli>re«;c.c. cot 
which  the  wood  of  any  stem  or  branch  consists,  ny. 
is  in  general  easily  reckoned  by  cutting  it 
across,  as  shown  in  the  accompanying  series  of  figures.  They 
coirespond  exactly,  in  this  climate,  with  the  number  of  years 
which  the  part  has  existed.  But  there  is  reason  to  believe  that, 
— ^though  in  temperate  climates,  the  trees  of  which  shed  their 
leaves  and  renew  them  once  a  year,  a  layer  is  formed  no  oftener, 
—in  tropical  climates,  where  many  kinds  of  trees  have  two  or 
three  successions  of  leaves  in  a  year,  a  corresponding  number  of 
byers  will  be  formed  ^— 


Fw.  43.-7957  Ybab  MAoirinBa 


Fm.  44.— Sacoro  Tkar. 


ir! 


Fio.   4&— TnrRD  Yba«. 
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Fio  46.— Tranbvkksb  and  pBftpnroicuuuk  SscnoNt  or  a  Btbm  roun  vkars  old  ; 
the  Utter  through  the  pith,  a,  pith  and  wood  of  the  flmt  year ;  ft.  e,  d,  layers  of  wood 
of  the  second,  third,  and  fourth  years ;  e,  the  four  thin  layers  of  baric 


'   J 

Fio.  47.~SKcnoirs  of  a  Stxm  as  it  appkars  ih  May  on  Juits  or  tbs  Pipth  Ykar. 
The  white  qwoes  show  thd  swelling  oambium. 


C" 


i 


Fio.  48.— Sbctions  or  a  Stbm  at  ths  bivd  or  ms  Fifth  Tbar.    The  envnlopeB  and 
layers  of  liber  are  too  thin  to  be  shown  by  the  pencil. 

In  this  way  we  can  account  for  the  extraordinary  number  of 
layers^  in  tho  Baobab  trees  of  Senegal ;  without  having  recourse 
to  the  supposition,  that  they  were  above  5000  years  old,  as  we 
inust  otherwise  regard  them. 

]  30.     Each  layer  of  wood  consists  partly  of  vessels  or  ducts, 
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and  partly  of  woody  fibre.  The  former  always  lie  next  the 
centre,  and  are  the  parts 
emrliest  formed ;  the 
latter  protects  them  on 
the  ontside,  and  is  pro- 
duced towards  the  end 
of  the  season.  The 
mode  in  which  these 
are  arranged,  however, 
▼aries  in  different  trees; 
and  it  is  principally 
this,  which  gives  that 
beaatifdl  variety,  ob- 
served in  sections  of 
many  woods,  when  ex-    '  ^      '  '-'  -  "  -         ^  *  ^  ^  c  i  c  d  t 

amined  with  the  micro-    "^  4ft-Hoiu»irrAL  on  r^^uwm»^  m  p.ef»«. 

•uiuinu  wiMi  MAO  auAVk  V-  p„;,„^n  sscnoN,  or  ram  wrmu  or  am  Bzoobn  or  thabb 
scope.      The   dnctS   are  YSAM'oMirra.    IntbecenfereofeMh  tonenth«plth, 

.  j|*^«         *  1.   J    a.oompoMd  of  eellnlAr  tlMue;  nuTOUDding  it  ia  tho 

at  Onoe  OWtmgUISliea,  mednllary  ihMth,  »;  and  exterior  to  U  Are  three  ringi 
by  the  larcre  «ff7^  of  their  ^  ^^^^  ^'^  oooetetlnff  of  e,  e,  dotted  duota,  and  d,  d, 

^.^  ^  .    ,  .      woody  flbret    The  last-formed  Is  In  eontact  with  the 

orifices;  and  the  woody  bark, «, «,  in  wUeh  the  laj«n  are  indistinct 

fibies  by  their  com- 
parative minuteness.  Amongst  the  ducts,  however,  we  usually 
find  lying  some  elongated  cells,  which  fill  up  the  spaces  between 
them,  and  which  sometimes  resemble  woody  fibres  in  form,  but 
differ  in  the  firmness  of  their  walls.  Whatever  be  the  number 
of  annual  layers,  they  are  always  traversed  by  the  medullary 
rays,  which  continue  to  extend  outwards,  with  every  addition 
to  the  diameter  of  the  stem,  even  when  the  pith  and  the  inner 
layers  of  wood  have  decayed  away. 

131.  In  most  trees,  of  which  the  wood  is  used  as  timber, 
the  inner  and  older  portion  is  much  harder  and  drier  than  the 
exterior.  Sometimes  there  is  an  evident  line  of  demarcation, 
between  the  hearl'^Dood^  or  duramen^  as  it  is  called,  and  the  <ap- 
woody  or  aUnirnum;  this  is  seen,  for  example,  in  the  lignum-vitaa, 
and  coco-wood,  which  are  much  employed  by  turners.  But  in 
most  cases,  the  change  of  character  is  more  gradual.  This  change 
is  due  to  the  consolidation  of  the  interior  wood ;  by  the  depo* 
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silion  in  its  tubes,  of  resinous  and  other  matter,  secreted  by  the 
plant.  The  portion  of  the  stem  in  which  this  has  taken  pkoe, 
thus  acquires  great  toughness  and  durability,  but  it  is  no  k>nger 
fit  to  p^orm  any  office  in  the  living  system,  save  Uiat  of  mecha- 
nically supporting  the  rest ;  since  no  fluid  can  pass,  in  any  way, 
through  the  now-filled-up  channels.  It  is  through  the  newer 
layers,  or  sap-wood,  therefore,  that  the  sap  entirely  ascends ; 
and  these,  in  their  turn,  become  inclosed  by  others ;  and  ave 
at  last  consolidated,  like  the  more  aged  <mes,  into  duramen* 
The  heart- wood  alone  is  used  by  the  artisan ;  for  the  sap-wood 
soon  splits  and  decays. 

132.  As  the  piUi  and  the  inner  layers  thus  gradually  lose 
their  original  employment,  and  as  in  the  outer  part  of  the  stem 
alone  any  active  processes  of  vegetation  go  on,  the  former  may 
be  removed  without  injury  to  the  latter ;  and  this  is  often  natu- 
rally accomplished  by  decay,  which  destroys  the  keari  of  an  aged 
tree,  with  some  portion  of  the  exterior  of  the  stem,  but  leaves 
the  reminder  a  mere  shell,  still  capable,  however,  of  putting 
forth  buds  and  branches,  and  of  adding  to  its  own  thickness* 

133.  The  chief  important  variety  in  the  structure  of  the 
Exogenous  stem  is  that  exhibited  in  the  Pine  and  Fir  tribe.  No 
ducts  exist  in  their  wood ;  whilst  the  diameter  of  the  tubes  of 
the  wood  itself  is  greater  than  in  other  cases ;  so  that  a  hori- 
zontal section  of  the  stem  shows  a  series  of  openings  of  very 
nearly  the  same  size,  arranged  with  beautiful  regularity,  the 
division  into  annual  layers  being  usually  well-marked.  As  a 
general  rule  it  may  be  stated,  that  these  are  separated  by  the 
most  distinct  line,  in  trees  inhabiting  temperate  or  cold  climates, 
whose  vegetating  processes  are  entirely  suspended  by  the  cold 
after  each  layer  is  formed ;  whUst  in  trees  of  warmer  regions, 
they  pass  into  one  another  more  gradually.  In  tiie  former,  too, 
there  is  often  a  considerable  difference  in  the  thickness  of  the 
respective  layers,  according  as  the  seasons  have  been  fitvourable, 
or  otherwise,  to  the  formation  of  wood ;  whilst  in  the  latter, 
their  thickness  is  in  general  nearly  uniform. 

134.  These  facts  come  to  be  of  much  interest,  when  we 
examine  the  structure  of  the  fosdl  plants,  which  are  not  unfre- 
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qnently  fonnd  imbedded  in  solid  rock;  for  they  thus  afford 
evidence,  ^t  the  temperature  of  this  qaarier  of  the  globe  was 
both  higher  and  jnore  equable  at  the  time  they  grew  here, 
than  it  is  at  present ; — ^an  opinion  which  is  equally  supported, 
by  the  nature  of  the  fossil  remains  of  Animals  ^dating  at  the 
same  period. 

135.  Between  the  pith  and  the  adjacent  hj&t  of  wood,  a 
delicate  membrane  may  be  traced,  which  is  termed  the  medul- 
lary iheath.  This  consists  almost  entirely  of  spiral  vessels, 
wluch  are  seldom  found  in  any  other  part  of  an  Exogenous 
stem,  except  when  they  pass  off  from  this,  towards  the  origins  of 
the  leaves.  Their  office  is  a  very  important  one,  as  will  be 
hereafter  seen  (§.  324). 

136.  The  wood  is  inclosed  by  the  harky  which  is,  like  it, 
fomed  in  regular  layers  ;  though  these  are  much  thinner,  and 
cannot  be  so  plainly  distinguished.  The  layers  of  bark  are 
formed  from  the  interior^  so  that  the  oldest  are  on  the  outside. 
Theee  are  gradually  lost,  either  by  decay,  or  by  falling  off ;  so 
tiiai  it  is  very  seldom,  that  the  same  number  can  be  traced  in 
the  bark  as  in  the  wood,  although  an  additional  one  is  formed  in 
each  at  the  same  time.  As  the  new  layer  of  wood  is  formed  on 
the  €utnde  of  the  previous  one  (at  the  point,  therefore,  at  which 
it  is  in  contact  with  the  bark), — and  as  the  new  layer  of  bark 
is  added  to  the  imids  of  the  previous  one  (at  the  point,  tbere- 
fbre,  at  which  it  was  in  contact  with  the  wood), — it  is  obvious 
that  they  are  produced  at  the  same  spot ;  and  that  the  newest 
byers  of  both  will  always  be  in  contact  with  each  other.  Their 
production  seems  to  take  place  in  somewhat  of  this  manner.  At 
the  end  of  the  spring,  the  bark  becomes  loosened  from  the  wood, 
with  whidi  it  vras  previously  in  dose  contact,  and  a  glutinous 
fluid,  termed  the  cambium^  is  found  between  them  (see  Fig.  47). 
This  may  be  obseifved,  by  stripping  the  bark  from  almost  any 
twig,  at  that  season.  The  cambium  is  gradually  organised  into 
cells,  and  from  these  are  formed  the  ducts  and  cellular  portion 
of  the  woody  layer,  and  the  cellular  portion  (which  is  much  the 
greatest)  of  the  layer  of  bark.  Later  in  the  year,  the  woody 
tubes  grow  downwards  frx>m  the  leaves,  obtabing  nourishment 
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from  the  fluid  portion  of  the  cambinm  as  they  descend ;  and  at 
last  they  partly  unite  themselves  with  the  vessels,  &c.  of  the 
new  woody  layer,  and,  in  smaller  proportion,,  with  the  tissue  of 
the  bark. 

137.  In  some  kbds  of  trees,  the  bark  contains  a  great  deal 
of  cellular  tissue,  and  is  therefore  thick  and  spongy ;  this  is  the 
case  with  those  that  furnish  corky  which  may  be  regarded  as  a 
sort  of  external  pith.  The  inner  layers,  however,  to  which  the 
name  of  liber  is  given,  are  usually  thin  and  delicate  in  their 
texture,  and  have  been  applied  to  various  useful  purposes.  One 
of  thesetis  indicated  by  the  meaning  of  the  term  liber  in  Latin, 
which  signifies  a  book  ;  and  thus  in  that  language,  a  book,  and 
the  inner  bark  of  a  tree,  had  the  same  name.  The  £ict  was 
that,  before  the  invention  of  paper,  the  inner  bark  was  one  of  the 
substances  used  by  the  Romans  for  the  same  purposes,  as  the 
leaves  of  the  papyrus  (from  which  the  term  pap$r  is  derived) 
were  employed  in  Egypt.  It  is  the  liber  of  other  trees,  which 
is  used  by  the  islanders  of  the  Polynesian  Archipelago,  for  doth, 
mats,  sails,  &c.  A  very  beautiful  kind  of  liber,  is  that  obtained 
from  the  Vegetable-Lace  tree  (as  it  is  called)  of  Jamaica;  when 
its  layers  are  unfolded,  it  has  the  appearance  of  a  delicate  lace. 

138.  From  what  has  been  stated,  as  to  the  successive  form- 
ation of  new  Uyers  within,  and  the  gradual  loss  of  those  on  the 
exterior,  it  is  evident  that  each  layer  of  bark  v^ill  in  its  turn  be 

brought  to  the  surface  and  be  thrown 
off.  On  the  other  hand,  each  layer 
of  wood  is  gradually  being  imbedded 
more  deeply.  Hence  it  follows  that, 
if  any  substance  be  placed  in  the 
newest  layer  of  wood,  it  will  gra- 
dually be  covered  by  others ;  so  that, 
if  the  tree  be  cut  down  at  any  future 
time,  the  number  of  years  that  have 
Pio.fiA—VBRncALSBcnoiffor  ATftn,  passed  since  it  was  imbedded,  may 

TUB    LATSIUI.    BRAjrCHCS    Or    WHICH  11.  «  j*     ^  xl.  1. 

MADoomicuTiTELy  Diu.oEBHSNcuT  ^  KDown,  by  couutiug  Uio  uumbcr 

wRuiTBRSBYBAMOLD.         of  laycrs  ou  its  exterior.     On  the 

contrary,  if  the  substance  be  not  driven  into  the  wood,  but 
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remains  in  the  newest  layer  of  bark,  it  will  be  gradaally 
bronght  to  the  surface  and  will  fall  ont.  Sach  experiments 
have  been  tried,  for  the  purpose  of  showing  the  mode,  in  which 
these  two  parts  of  the  stem  respectively  grow. — In  the  same 
manner,  it  is  not  unfreqaently  found,  when  a  tree  is  cut 
throngh,  that  the  ends  of  the  lateral  branches,  which  had 
either  died,  or  had  been  cut  off,  at  an  early  period  of  its  life, 
are  covered  by  a  number  of  layers  of  wood,  corresponding  to  the 
number  of  years  that  have  subsequently  elapsed 

139.  As  the  bark  is  sufficiently  distensible,  to  admit  of  the 
increase  of  diameter  of  the  interior  of  the  stem,  there  is  no 
necessary  limit  to  the  age  of  Exogens ;  and  there  are  many 
unquestionable  examples  of  such  trees  having  attained  an 
enormous  longevity.  In  this  country,  the  Oak  and  the  Yew 
appear  to  be  the  longest-lived.  At  Ellerslie,  the  birthplace  of 
Wallace,  exists  an  Oak,  which  is  celebrated  as  having  been  a 
remarkable  object  in  his  time ;  and  which  can  scarcely,  there- 
fore, be  less  tlian  700  years  old.  Near  Staines,  there  is  a  Yew 
tree  older  than  Magna  Charta;  and  the  Yews  at  Foui^tains 
Abl)ey,  in  Yorkshire,  are  probably  more  than  1200  years  old. 
Eight  Olive  trees  still  exist  in  the  Garden  of  Olives  at  Jerusalem, 
which  are  known  to  be  at  least  800  years  old.  But  the  rate  of 
increase  in  old  trees  is  by  no  means  the  same  as  in  young ;  so 
that,  when  they  are  grown  for  the  profit  to  be  derived  from  their 
timber,  it  is  not  advantageous  to  let  them  pass  a  certain  age. 
Thus  the  rate  of  growth  in  the  Oak  diminishes  greatly,  after 
about  seventy  years ;  that  of  the  Larch,  after  sixty ;  and  that  of 
the  Elm,  after  about  sixty-five. 

140.  It  b  in  the  vessels  and  woody  tubes  of  the  alburnum, 
that  the  fluid  absorbed  by  the  roots,  is  transmitted  to  the 
opposite  extremity  of  the  stem  ;  and  these  vessels  communicate 
with  those  of  the  leaves,  which  receive  it  from  them.  In  the 
liber,  on  the  other  hand,  the  fluid  which  has  been  converted  in 
the  leaves  into  nutritious  sap,  descends  again  through  the  trunk, 
for  the  purpose  of  nourishing  its  different  parts.  Of  this  de- 
scending sap,  a  part  is  carried  inwards  by  the  medullary  rays; 
which  thus  difiiise  it  through  the  whole  stem,  as  also  through 
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the  substance  of  the  roots,  down  which  it  is  conveyed  by  their 
bark.  In  this  descent,  it  mixes  with  the  ascending  current, 
especially  at  its  lower  part ;  and  being  much  superior  in  density, 
it  adds  to  the  density  of  that  fluid,  and  thus  mamtains  the  con- 
ditions requisite  for  endosmose  (§.  119).  The 
Yessels  down  which  the  sap  moves  in  the  bark, 
are  of  the  branching  character,  described  as 
peculiar  to  those  which  convey  the  nutritious 
fluid  (§.  87)-  They  form  a  complete  network, 
in  which  the  fluid  may  be  seen  to  move  in 
various  directions.  For  this  motion  no  definite 
cause  can  be  assigned.  It  does  not  depend  on 
any  impulse  firom  above,  corresponding  to  that 
action  of  the  roots  which  raises  sap  in  the 

Fio.  SI^Bbancbtho  .  .       ,      i  ^ 

VB8UM  or  TBM  babx.  gtom ;  for  there  is  no  power  m  the  leaves  to 
give  any  such  force.  It  has  been  supposed  to  depend  upon  the 
gravity  of  the  fluid,  which  will  cause  it  to  descend  amply  by  its 
own  weight ;  but  if  that  were  the  case,  it  would  not  atcmd,  as  it 
often  does,  in  the  bark  of  the  hanging  branches  of  such  trees  as 
the  Weeping  Ash  or  Willow.  It  is  only  one,  however,  of 
numerous  cases  in  which  a  movement  of  nutritions  fluid,  through 
channels  in  the  solid  parts  it  supplies,  takes  place  without  any 
evident  cause,  in  Animals  as  well  as  Vegetables-  (See  Anm. 
Physiol.  §.  280.) 

141.  The  stem  of  Endogens  is  formed  upon  a  very  different 
modeL  As  already  stated,  the  woody  bundles  in  the  stem  of  a 
year's  growth,  such  as  that  of  the  Asparagus,  are  distributed 
through  the  whole  of  the  cellular  mass,  which  originally  oonsti* 
tuted  it ;  and  a  similar  arrangement  would  be  found  in  the  stem 
of  a  Palm,  or.  other  aged  tree.  Instead  of  being  united  into 
rings,  these  bundles  remain  separate;  and  it  is  only  on  the 
exterior  of  the  tree,  where  they  are  closely  pressed  togethw,  in 
consequence  of  the  continual  addition  of  new  woody  matter  to 
the  interior,  that  they  form  anything  like  hard  wood ;  and  even 
this,  though  very  useful  for  some  purposes,  does  not  possess  the 
kind  of  texture  which  adapte  it  to  the  work  of  the  artisan. 
Each  annual  set  of  woody  bundles,  proceeding  (as  in  Ezogens) 


Digitized  by  VjOOQIC 


STRUCTURE  OF   ENDOGENOUS  STEMS. 


103 


horn  the  leaves,  passes  downwards  in  the  softest  part  of  the  stem, 
which  is  its  interior;  hot  after  proceeding  for  some  distance  in 
this  manner,  it  turns  outwards,  and  interlaces  itself  with  those 
which  were  previously  formed.  In  this  manner,  the  lower  part 
of  the  exterior  of  a  Palm  stem  becomes  extremely  hard ;  partly 
from  the  pressure  from  within,  to  which  it  is  not  elastic  enough 
to  yield ;  and  partly  from  the  constant  interlacement  of  these  new 
fibres,  which  wind  themselves  in  among  the  dense  tangled  mass 
of  the  oldy  like  roots  seeking  to  pass  through  a  stone  wall.  This 
density  is  sometimes  so  great,  as  to  resist  the  blow  of  a  sharp 
hatchet. 

142.  The  cellular  portion  of  the  stem, — which  in  Exogens 
was  separated,  by  the  first  introduction  of  wood,  into  pith  and 
bark, — ^here  remains  intermingled  with  the  wood  through  the 
whole  duration  of  life,  as  is  shown  in  the  accompanying  figure. 
Each  woody  bundle 
contains  ducts  and  spiral 
vessels,  besides  woody 
fibre;  and  these  are 
anranged  in  such  a  man- 
ner, that  the  spiral  ves- 
sels are  on  the  side  next 
the  centre,  and  are  pro- 
tected by  the  woody 
fibre  on  the  exterior. 
The  same  elements, 
therefore,  exist  in  this 
stem,  as  in  that  ^f  the 
Exogen;  but  they  differ 

in    th&I    mode    of    ar-  ^^  SS.— Hokizontal  A!vd  vertical  bsctiom  or  THS 

.  ffrsM  OP  AM  Enooobm,  showing  the  bundlM  of  ducts, 

rangement.    From  their  woody  fibre,  and  spiral  reasels,  irregularly  disposed 

^....^i:^-  ,  i    ,     i  .        au^«.  through  the  whole  stem,    a,  a,  portions  of  cellular 

peculiar  structure,  they  t,,^;  5^  5^  ^j^i  ^tmOB ;  c, «.  dotted  ducts ;  rf.  rf, 
increase  very  little   in  ^<»^  *^»«- 

diameter,  the  hardness  of  the  exterior  not  permitting  their 
enlaigement.  The  consequence  of  this  is,  that  there  is  a  limit 
to  their  age ;  for  the  continual  addition  of  new  woody  bundles 
to  the  interior,  so  much  compresses  those  which  were  previously 
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oontained  in  the  stem,  that  they  are  no  longer  pervious  to  fluid, 
and  the  tree  dies.  Nature  sometimes  provides  a  remedy  for  this, 
in  the  splitting  of  the  hard  envelope,  which  allows  the  intoior  to 
dilate ;  and  this  has  heen  successfully  imitated  by  art, — vigou? 
having  been  restored  to  a  Palm  which  had  begun  to  languish,  by 
splitting  down  the  exterior  of  its  stem  with  a  hatchet. 

143.  Although  no  complete  distinction  exists  between  the 
cellular  and  woody  portions  of  the  stem  in  Endogens,  yet  it  is  in 
the  interior  that  the  former  predominates ;  and  hence  some  Palm- 
trees,  as  that  which  produces  Sago,  have  been  said  to  have  a  pith, 
which  is  (strictly  speaking)  erroneous.  Through  what  channels 
the  ascending  and  descending  sap  of  Endogens  respectively  move, 
has  not  been  ascertained ;  but  there  can  be  little  question,  that  it 
is  chiefly  through  the  ducts  that  the  former  rises,  whilst  the 
latter  finds  its  way  downwards  through  the  ceUular  interspaces. 
From  the  cellular  portion  of  the  stem,  in  Endogens  as  in  Exogens, 
the  buds  take  their  origin ;  whilst  the  roots  are  chiefly  prolonga- 
tions of  the  bundles  of  wood  and  vessels.  This  is  well  seen  in 
the  Pandanus,  where  the  bundles  that  ordinarily  make  their  way 
downwards  within  the  stem,  and  would  there  form  part  of  tiie 
wood,  pass  outwards  and  become  aerial  roots  (§.  110). 

1 44.  The  same  cause  which  sets  a  limit 
to  the  age  of  Endogens,  exempts  them  from 
the  injurious  efiects,  which  Exogens  often 
experience,  from  the  compression  of  their 
stems  by  ligatures  of  various  kinds.  If 
a  cord  be  tied  tightly  round  the  trunk  of 
an  Exogen,  it  will  ofier  little  impediment 
to  the  ascent  of  the  sap ;  but  it  will  ob- 
struct its  descent  through  the  bark.  In 
consequence,  there  will  be  a  deficiency  of 
nourishment  to  the  parts  beneath,  and  a 
superfluity  above;  so  that  a  protuberance 
will  arise  firom  the  stem,  just  at  the  point 
^^•^'  where  the  downward  flow  of  the  sap  is 

checked.  This  protuberance  will  increase  in  progress  of  years, 
if  the  tree  survive,  so  as  almost  to  bury  the  cord  beneath  it ;  but 
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most  commonly  the  tree  is  destroyed,  ere  long,  by  the  insufficient 
supply  oi  nourishment  to  the  roots. 

145.  Now  such  obstructions  not  unfrequently  arise  from 
natural  causes.  There  are  several  creeping  plants,  whose  habit 
it  is  closely  to  embrace  the  stems  round  which  they  coil ;  such  is 
the  common  Bmdweed  of  this  country ;  and  in  tropical  climates, 
these  creepers  are  more  numerous,  and  their  stems  more  woody. 
These  seldom  wind  in  complete  rings,  but  in  a  spiral,  growing 
like  a  corkscrew;  and  thus  the  descent  of  the  sap  is  rather 
obstructed  than  preTented.  But  an  accumulation  of  the  nutri- 
trious  fluid  takes  place  above  the  whole  line  of  the  spiral :  so 
that,  when  the  creeper  is  removed,  the  stem  presents  the  curious 
appearance  of  a  deep  indentation,  passing  round  it  from  one  end 
to  the  other;  and  on  the  upper  edge  of  this,  a  corresponding 
elevation.  Endogens  are  subject  to  no  such  alteration ;  as  the 
sap  does  not  pass  down  the  exterior  of  the  stem,  and  its  diameter 
increases  but  little. 

146.  Such  creepers  are  exceptions  to  the  general  rule,  that  it 
is  the  tendency  of  stems  to  grow  vertically  or  right  upwards. 
This  tendency  is  sometimes  shown  in  a  very  curious  manner. 
If  the  trunk  of  a  young  tree  be  artificially  bent,  by  drawing  it 
(for  instance)  by  a  cord  to  one  side,  the  branch  which  then  most 
nearly  approa<;hes  the  vertical  direction,  will  increase  more  than 
the  rest,  and  will  at  last  appear  quite  continuous  with  the  lower 
part  of  the  stem.  Again,  if  the  trunk  of  a  tree  which  usually 
throws  out  its  branches  almost  horizontally,  such  as  the  Elm,  be 
broken  off,  the  highest  branches  vrill  gradually  approach  the 
upright  position,  so  as  to  appear  like  continuations  of  the  broken 
trunk.  In  coiling  stems,  however,  it  would  appear  as  if  some 
tendency  to  turn  to  one  side  was  constantly  operating,  in  con- 
function  with  the  upright  growth ;  so  that  a  cork-screw-like 
fonn  is  produced. 

147.  It  is  a  little  remarkable  that,  though  this  turn  is  usually 
in  the  contrary  direction  to  that  in  which  the  sun  appears  to 
move,  (as  is  the  case  in  the  common  Bindweed,  most  plants  of 
the  Pea  tribe,  the  Passion-flower,  the  Dodder,  and  many  others,) 
it  is  sometimes  the  same  with  it,  as  in  the  Hop  (Fig.  54).   Almost 
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all  flowering  plants,  however,  exhibit  some  tendency  to  a  spiral 
growth  in  their  stems.  It  will  be  hereafter  shown,  that  the 
T^gnlar  arrangement  of  leaves  on  the  stems  and  branches,  is  in  a 

sphral  line.  Moreover,  in  many 
smooth-tmnked  species,  as  the 
Cherry-tree,  the  baik  is  more 
easily  torn  off  in  a  spiral  than 
in  any  other  direction.  In  trees 
having  few  branches,  snch  as  the 
Fir,  it  is  not  uncommon  to  see 
the  same  tendency  manifested 
by  spiral  fissnres  in  the  wood, 
when  the  bark  has  been  for  some 
time  removed.  The  direction  of 
^   _  Jl^       this  kind  of  twist  seems  to  be  as 

constant  in  straight  stems,  as  in 
those  which  manifest  it  by  coil- 
ing ;  thn8,the  Common  Chesnut, 
and  the  Horse-Chesnut,  have  been  observed  alwajrs  to  twist  in 
contrary  ways. 

148.  The  stem  is  not  always  solid,  either  in  Exogens  or 
Endogens.  Thns  among  the  former,  the  weU-known  tribe  of 
Umbellifrarons  plants  presents  many  instances  of  a  hollow  stem, 
as  in  the  common  Hemlock ;  and  in  the  latter,  the  Grass  tribe 
affords  a  corresponding  example.  In  these  instances,  the  hollow- 
ness  of  the  stem  is  dae  to  the  expansion  of  the  outer  portion, 
Caster  than  the  interior  can  keep  pace  with  it  The  ycivmg  stem 
is  not  hollow  in  either  case ;  and  it  is  a  beautifnl  instance  of 
mechanical  contrivance,  that,  in  these  rapidly-growing  plants, 
vrhich  are  to  be  rendered  independent  of  support  from  others,  the 
limited  quantity  of  hard  ^ssue  which  they  form,  should  be  dis- 
posed at  such  a  distance  from  the  centre,  as  to  give  the  greatest 
strength  with  the  least  expenditure  of  material.  (See  Mechak. 
Philos.  §.  83.)  If  the  material  of  a  Wheat-straw,  for  example, 
vrere  disposed  in  a  solid  form,  it  would  make  but  a  thin  wiry 
stem,  which  would  be  snapped  with  extreme  ^ility.  In  the 
hollow-stemmed  Endogens,  such  as  Grasses  and  Bamboos,  and 
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in  many  others,  as  the  Sugar-cane  and  other  Canes,  we  oheerre 
oertain  divisions  of  the  stem,  which  are  called  nodei  or  knots. 
Where  the  remainder  of  the  stem  is  hollow,  it  is  always  solid 
here ;  and  the  partition  has  a  peculiar  degree  of  firmness,  deriyed 
from  the  interlacmg  of  fibres  from  all  sides: — and  where  the 
remainder  of  the  stem  is  filled  up  (as  in  the  Sugar-cane)  with  soft 
spongy  tissue,  there  is  still  the  same  kind  of  firm  division  at  the 
iK>de.  The  space  between  the  node  is  termed  the  inUmode ; 
and  from  each  one  of  these  divisions^  we  usually  find  a  single 
leaf-bud,  or  pair  of  leaf-buds,  originating.  The  division  into 
nodes  is  not  so  perceptible  in  Elzogens ;  but  it  may  be  regarded 
as  always  existing.  It  is  best  seen  in  the  young  shoots  of  the 
Vine ;  where  the  fact  that,  from  each  intemode  but  a  single  bud 
or  pair  of  buds  originates,  is  equally  evident.  Hence,  when  the 
stem  itself  does  not  exhibit  any  distinct  division  by  nodes,  the 
Botanist  is  accustomed  to  regard  them  as  existing,  near  the  points 
from  which  leaves  or  branches  arise;  and  to  consider  as  inter- 
nodes,  the  spaces  between  these. 

149.  Many  parts  are  commonly  regarded  as  Roots,  which 
are  in  reality  Stems.  Their  position,  whether  above  ground,  or 
beneath  the  surface,  is  no  criterion  as  to  their  real  nature.  It 
has  been  seen  (§.  110)  that  roots  sometimes  grow  in  the  air ; 
and  it  is  equiUly  true  that  stems  frequently  grow  in  the  eartli. 
What  are  ordinarily  called  btUbout  roott^  for  example,  such  as 


3     * 
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those  of  the  Onion,  Hyacinth,  LU7,  &o.,  are  in  reality  nnder- 
ground  steins.  It  was  formerly  stated  (§.  Ill — 1 13)  that  the 
real  distinctions  between  the  Root  and  the  Stem  consist,  in  the 
oontmry  directions  of  their  growth,  and  in  the  tendency  of  ab- 
sorbing fibres  to  arise  from  the  former,  whilst  the  latter  gives 
origin  to  leaf-buds.  Now  the  base  of  the  bulb  is  the  real  point 
of  division  between  the  stem  and  root ;  for,  whilst  all  below  it, — 
namely  the  fibres  which  really  constitute  the  roots, — has  a  ten- 
dency to  grow  downwards,  the  mass  of  the  bnlb,  together  with 
all  above  it,  has  a  tendency  to  grow  upwards.  Further,  the 
tealsi  of  the  bulb  are  in  reality  but  letNm^  changed  from  their 
usual  character  and  aspect,  or  metamarphoied ;  and  at  the  base 
of  every  one  of  these  scales,  is  found  a  little  bud^  occupying  the 
same  position  in  regard  to  it,  as  the  buds  to  the  leaves  on  the 
higher  parts  of  the  stem  (§.  301).  Thus  we  peroeive,  that  here 
the  stem  is  in  a  very  contracted  state ;  the  intemodes  not  being 
developed,  and  the  leaves  and  buds  of  several  nodes  arising  close 
together.  The  difference  between  one  of  these  scaly  bulbs,  there- 
fore, and  the  solid  fleshy  expansion  of  the  root  which  constitutes 
a  carrot  or  parsnep,  is  at  once  evident. 

150.  But  stems  are  sometimes  so  completely  changed,  in  their 
direction  as  well  as  form,  that  they  can  scarcely  be  recognised  as 
such,  except  by  their  producing  a  regular  or  sjmmietrical  ar- 
rangement of  leaf-buds.*  Thus  they  sometimes  creep  along  the 
ground,  or  even  just  beneath  it,  sending  up  buds,  which  develop 
themselves  into  branches,  at  intervals.  Of  this  kind  is  the 
rhizoma  or  root-stock  of  most  British  Ferns,  which  creeps 
above  ground  in  some  species,  and  below  in  others ;  and  the 
Ginger-plant  of  tropical  countries  has  a  stem  of  the  same  cha- 
racter, which  really  furnishes  Ginger,  although  this  is  commonly 

*  The  mere  production  of  leaf-buds  does  not  couttitute  «  sufiicient  chaneter  to 
•eporate  stems  from  roots ;  for  a  great  number  of  roots,  when  ezpoeed  to  the  air, 
or  when  very  near  the  surface,  will  give  origin  to  leaf-buds.  EHms  and  manj  fruit- 
trees  afford  familiar  examples  of  this  fact.  Besides,  one  very  common  mode 
adopted  by  Gardeners  for  propagating  some  plants  (such  as  the  Pelsrgoniumt),  is 
to  cut  a  portion  from  the  root,  and  put  it  in  the  ground,  leaving  the  upper  part 
uncovered  ;  from  this,  in  a  very  short  time,  a  number  of  Icaf-buds  show  them- 
selves ;  but  these  are  without  any  regular  arrangement. 
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spoken  of  as  the  root  of  the  plant,  being  partly  buried  be- 
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neath  the  ground.  The  runnen  of  the  Strawberry,  ag&in»  are 
but  trailing  stems ;  which 
send  down  roots,  and  de- 
Telop  buds,  at  intervals, 
and  thus  extend  the  plant. 
This  tendency,  which  is 
serviceable  to  Man  in  this 
instance,  is  very  trouble- 
some to  him  in  another ; 
for  in  the  same  manner, 
the  Couch-grass  overruns 
pasture  lands,  exterminating,  if  its  increase  be  not  checked,  their 
original  vegetation.  As  every  intemode  of  these  trailing  stems 
possesses  the  power  of  developing  both  roots  and  buds,  it  is  use- 
less  to  attempt  to  destroy  the  plant  by  chopping  the  stem  into 
pieces ;  for  this  is  in  reality  otily  multiplying  it.  It  is  well  to 
mentioUi  however,  that  though  usually  regarded  as  a  very  rank 
weed,  the  underground  shoots  of  this  plant  constitute  a  pecu- 
liarly nutritious  food  for  cattle. 

151.  One  of  the  most  distorted  forms  of  the  Stem,  is  that 
which  presents  itself  in  the  Potato.  This  plant  grows  with  an 
underground  stem,  sending  up  its  flowering  branches  into  the  air, 
and  sending  its  roots  downwards  into  the  earth ;  but  on  this  stem 
it  forms  at  intervals  the  htben  or  knobs,  which  constitute  such 
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an  important  article  of  food  to  Man.  That  these  tubers  are  still 
parts  of  the  stem,  is  shown  by  their  poww  of  originating  buda, 
from  the  points  commonly  known  as  the  eyes  of  the  Potato. 
When,  therefore,  we  divide  the  tuber  into  pieces,  keeping  an  eye 
in  each,  from  every  one  of  which  we  expect  a  young  plant  to 
spring,  we  follow  in  fact  the  same  plan,  as  that  adopted  in  plant- 
ing Sugar-Canes ;  which  are  not  propagated  from  seed,  bat  by 
dividing  the  stem  mto  its  intemodea,  and  lapng  each  of  these 
separately  in  the  gronnd.  And  thus  it  is  seen,  that  the  division 
of  the  creeping  stem  of  the  Couch-grass,  effects  in  reality  the 
same  end.  The  quantity  of  fleshy  matter  deposited  in  the  Potato, 
serves  for  the  nourishment  of  the  growing  buds  before  their  roots 
are  formed ;  and  thus  it  is  that,  if  exposed  to  a  warm  and  moist 
atmoq>here,  they  are  liable  to  sprout,  without  the  contact  ot 
earth.  It  is  remarkable  that,  in  their  native  climate  (the  tropi- 
cal part  of  South  America),  the  tubers  of  the  Potato  are  ex- 
tremely Small ;  and  that  they  become  so,  when  plants  are  raised 
from  British  stocks,  in  any  countries  equally  hot. 

152.  In  all  these  instances  it  is  seen,  that  not  only  buds,  but 
roots,  may  arise  from  different  parts  of  the  stem  and  branches. 
But  this  tendency  is  by  no  means  confined  to  such  as  grow  on  or 
beneath  the  ground.  There  are  many  trees,  of  which  the  branches 
naturally  hang  downwards ;  and  if  these  reach  the  ground,  they 
give  origin  to  a  new  set  of  roots,  which  serve  for  their  own  nourish- 
ment, and  for  that  of  the  shoots  they  send  off,  so  that  they  become 
so  many  secondary  stems.  The  most  curious  examples  of  this 
kind  are  the  Banyan  trees  of  the  East  Indies,  of  wl^<^  one  in- 
dividual sometimes  constitutes  a  miniature  forest.  The  most 
celebrated  specimen  is  that  of  Cubbeer-bur ;  which,  many  years 
since,  possessed  350  principal  trunks,  and  smaller  stems  amount- 
ing to  more  than  3000 ;  every  one  of  whidi  was  casting  out  new 
branches  and  hanging  roots,  to  form  future  trunks.  The  q>aoe  of 
ground  which  it  covered  was  such,  that  it  was  estimated  that 
7000  persons  might  have  found  ample  room  to  repose  beneath  its 
shade.  These  trees  are  held  by  the  Hindoos  in  superstitious 
reverence,  and  are  dedicated  to  religious  observances.  Our  own 
sacred  poet,  Milton,  has  given  a  beautiful  delineation  of  them : — 
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**  The  fig-tree  :  not  that  kind  for  fruit  renowned ; 
,  But  such  at  at  this  day  to  Indians  known 

In  Malabar  or  Deccan,  spreads  her  arms, 
Branching  so  broad  and  long,  that  in  the  ground 
The  bending  twigs  take  root,  and  daughters  grow 
About  the  mother-tree,  a  piUar'd  shade, 
High  oyerarch*d,  with  echoing  walks  between." 

153.  The  only  Gryptogamia  at  presont  existing,  which  form 
tme  woody  tnmks,  are  the  Tree-Fems  of  tropical  climates.  In 
these,  the  stems  which  creep  along  or  under  the  ground,  in  the 
species  inhabiting  temperate  climates,  erect  themselves  into  the 
air,  and  bear  a  beautiful  crown  of  leaves.  These  stems  are  some- 
times  hollow,  and  sometimes  contun  a  sort  of  spongy  pith.  Their 
mode  of  growth  is  different  from  that  of  either 
Ezogens  or  Endogens ;  and  appears  of  a  simpler 
character.  The  stem,  when  cut  across,  is  seen 
to  consist  of  a  number  of  hard  woody  plates, 
adhenng  rather  loosely  together ;  and  these,  if 
traced  upwards,  are  found  to  be  either  continu- 
ations of  the  flattened  footstalks  of  the  leaves     „     .«     „ 

.  .  Fir..  08.— PoRTioir 

which  crown  the  summit,  or  to  be  the  remains  or  thb  stsm  of  a 
of  thoee  which  have  dropped  off.  Every  year,  ^?J^*of  foimer 
the  leaves  decay  away,  and  are  replaced  by  a  i^^«^ 
new  set  formed  above;  so  that  the  stem  continues  increasing  in 
length,  but  undergoes  little  change  in  diameter.  The  marks 
seen  on  the  exterior  of  the  trunk,  are  the  scars  of  the  former 
leaves  ;  and  by  the  relative  position  of  these,  it  is  seen  that, 
though  the  portion  of  the  stem  first  formed  increases  but  little  in 
diameter,  it  receives  some  addition  to  its  length, — ^its  scars  being 
separated  from  etch  other  by  a  much  vnder  interval,  than  in  the 
newly-finrmed  part.  However,  it  is  the  general  rule,  in  these 
and  other  Gryptogamia,  that  the  portions  first  produced  undergo 
little  subsequent  change;  henoe,  vrhilst  the  names  Exogens  and 
Endogens  are  used,  to  indicate  the  modes  of  growth  respectively 
peculiar  to  the  two  chief  divisions  of  Flowering  plants,  the 
Flowerless  plants  may  be  included  under  the  general  term  Acro- 
GHNB,  which  intimates  growth  by  the  point,  or  by  addition  to 
the  extremities  only. 
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OP  THE  FOOD  OP  PLANTS,  AND  THE  MANNER  IN  WHICH  IT 
IS  OBTAINED. 

154.  A  PLANT  or  tree  can  no  more  ezist  withont  food^  tlian 
can  an  animal ;  and  it  is  onlj  because  the  mode  in  which  they 
receive  it  is  less  evident  to  us,  that  we  do  not  commonly  think 
of  Vegetables,  as  equally  dependent  with  Animals,  upon  the 
materials  supplied  to  them  by  the  elements  around.  We  are 
constantly  witnesnng  the  act  of  feeding,  in  all  the  Animals  that 
are  under  our  notice ;  but  the  growth  and  reproduction  of  Plants 
»«6m  to  take  place,  with  so  slight  an  introduction  of  solid  nmtter 
into  their  system,  that  it  cannot  be  comprehended  without  fur- 
ther examination,  how  they  derive  the  means  of  uprearing  the 
gigantic  masses  of  wood  and  foliage,  which  many  of  them  present 
to  our  admiring  view.  It  cannot  be  shown,  that  any  solid  mat- 
ter is  ordinarily  taken  up  by  the  roots,  except  certain  mineral 
ingredients  which  most  plants  require,  and  the  use  of  which 
will  be  presently  stated ;  these,  too,  must  be  dissolved  in  water, 
before  they  can  be  imbibed.  How,  then,  do  they  obtain  the  ma- 
terials of  the  firm  wood  of  their  stems,  roots,  and  branches, — of 
the  soft  but  still  firm  tissue  of  their  leaves  and  fruits, — of  the 
fleshy  seeds  they  generate  in  their  flowering  system, — and  of 
the  various  hard  substances  which  they  produce  in  their  different 
tissues  ?    This  question  vnll  now  be  answered. 

155.  In  the  first  place  it  may  be  laid  down  as  a  fact  beyond 
doubt,  that  neither  Plants  nor  Animals  have  the  power  of  creat- 
ing or  producing  matter,  which  did  not  before  exist.  Living 
beings  are  entirely  dependent  upon  the  supplies  they  obtain  firom 
vnthout,  for  the  maintenance  and  enlargement  of  their  own 
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sfcnicturei) ; — tliey  greatly  alter  the  form  and  properties  of  the 
elements  they  fcike  in ; — but  they  can  create  nothing.  It  is  easy 
to  gay  whence  every  particle,  of  which  a  living  body  consists,  is 
obtained  by  it ;  for,  by  placing  it  in  a  variety  of  circumstances, 
and  observing  the  changes  in  its  mode  of  life  which  these  pro- 
duce, we  can  determine  the  inflaence  of  each.  Thus,  an  Animal 
may  be  fed  exclusively  on  some  one  kind  of  aliment,  as  for 
inataace  sugar  or  gnm ;  and  it  is  found  that,  however  nutritious 
when  combined  with  others  such  an  article  may  be,  it  has  not 
the  power  of  supporting  life  for  any  length  of  time  by  itself, 
unless  it  contain  (which  no  single  article  of  food  except  milk 
does)  all  the  substances  required  by  the  animal,  for  the  right 
maintenance  of  its  structure.  So,  also,  on  the  food  of  Plants  we 
may  experiment,  by  placing  them  in  different  soils,  and  in  dif- 
ferent kinds  of  air,  and  by  supplying  them  with  variable  quan- 
tities of  water ;  until  we  have  discovered,  what  is  absolutely 
necessary  to  their  growth, — what  favours  it, — and  what  is  super- 
flnous  or  injurious. 

156.  Before,  however,  we  enter  upon  these  inquiries,  we 
«hall  derive  much  guidance,  from  the  knowledge  of  the  substances 
actually  contained  at  any  given  time,  in  the  Vegetable  structure. 
When  we  examine  a  seed,  we  find  that  it  contains  the  germ  of 
the  new  being ;  but  that  it  principjally  consists  (like  the  egg)  of 
a  nutritious  substance,  prepared  by  the  parent,  for  the  support 
and  development  of  its  o£&pring,  until  it  is  able  to  acquire  food 
for  itself ;  and  it  is  by  this  means,  as  we  shall  hereafter  sec 
(Chap.  XII.),  that  the  young  plant  is  enabled  to  push  its  first 
roots  into  the  soil,  and  to  elevate  its  first  leaves  into  the  air.  By 
the  time  it  has  done  this,  however,  all  that  store  of  aliment  is 
exhausted  ;  and  henceforth  it  is  entirely  dependent  upon  what  it 
acquires  for  itself.  The  lowly  plant  develops  itself  in  progress 
of  years,  by  the  wonderful  power  with  which  it  is  endowed,  into 
the  gigantic  tree ;  increasing  its  weight,  firom  a  few  grains  to 
many  tons.     Of  what  does  its  massive  structure  then  consist  ? 

157.  The  inorganic  elements  and  mineral  matter,  composincr 
the  solid  earth  on  which  we  live,  contain  a  certain  number  o( 
tmbstances,  which  are  termed  simple ;  because  they  cannot,  by 
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any  known  chemical  process,  be  shown  to  consist  of  others  united 
together.  Such,  to  take  familiar  examples,  are  the  Yarioiis 
metals,  with  solphur,  iodine,  as  well  as  many  other  lees  common 
bodies.  But  the  greater  part  of  the  substances  which  snrround 
US|  are  termed  oompound;  because  they  can  be  separated  into 
two  or  more  simple  or  elementary  bodies.  Limestone,  for  ex- 
ample, when  exposed  to  heat,  is  much  changed  in  its  diaracter  ; 
it  giyes  off  a  kind  of  gas  or  air,  termed  carbonic  add  gas ;  and 
lime  remains — a  substance  which  it  is  no  longer  safe  to  handle, 
on  account  of  its  possessing  the  power  of  destroying  (or,  as  com- 
monly said,  burning)  animal  flesh,  whence  it  is  commonly  termed 
quick-lime.  But  neither  of  these  two  substances  are  simple ; 
for  it  is  easily  shown,  that  carbonic  acid  is  composed  of  two 
others,  of  which  one  is  carbon^ — a  solid  substance  of  which  the 
diamond  is  the  purest  f(»rm,  but  which  is  nearly  the  same  with 
charcoal ;  whilst  the  other  is  oocygmi^  a  gas  which  forms  part  of 
the  air  we  breathe.  Again  the  lime  may  be  shown  (by  a  pro- 
cess of  much  difficulty)  to  consist  of  a  metal,  termed  calduniy 
united  with  some  of  this  same  oo^ygem. 

158.  Carbonic  acid  is  the  gas  known  as  fixed  air^^^ov  in 
mines  as  choke  damp.  It  is  very  iigurious  to  the  life  of  animals, 
acting  as  a  sort  of  poison  to  them.  It  is  formed  during  the 
combustion  or  burning  of  every  substance  containing  carbon ;  for 
this  combustion  really  consists  of  the  union  of  carbon  with 
oxygen,  which,  when  it  takes  place  rapidly,  is  accompanied  by 
light  and  heat.  Thus,  if  a  pan  of  charcoal  be  burned  in  a  closed 
room,  a  large  proportion  of  the  oxygen  of  the  air  will  be  con- 
verted into  carbonic  acid ;  so  that  any  human  being,  and  almost 
any  lur-breathing  animal,  would  rapidly  lose  his  life  in  such  an 
atmosphere.  In  this  manner  many  persons  have  been  suffocated. 
Charcoal,  however,  is  not  the  only  form  in  which  carbon  exists ; 
coal  contains  a  very  large  proportion  of  the  same  element ;  and 
carbonic  acid  is  accordingly  formed  by  its  combustion.  It  also 
exists  in  the  gas  now  so  commonly  used  in  towns  for  lighting, 
which  is  usually  made  from  coal,  though  sometimes  from  oil ; 
this  gas  consists  of  carbon  in  union  with  hydrogeni^  another  kind 
of  element  presently  to  be  noticed  ;   and  when  it  is  burned  it 
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fonns  carbonic  acid,  together  with  the  vapour  of  water,  which 
18  produced  by  the  unioii  of  the  hydrogen  with  the  oxygen  of 
the  air. 

1 59.  Carbonic  acid  gas  is  also  given  off  by  all  Animak,  which 
form  it  during  the  process  of  respiration  or  breathing ;  for  a  por- 
tion of  the  oxygen  which  is  taken  into  the  lungs,  is  there  com- 
bined with  carbon,  whidi  the  animal  system  wants  to  throw  off, 
mnd  then  breathed  out  again  in  the  form  of  carbonic  acid  (See 
Anim.  Phtsiol.  Chap.  vi.).  The  presence  of  this  gas  in  the 
ur  returned  from  the  lungs,  is  easily  shown  by^  breathing  out 
through  a  tabe,  the  end  of  which  is  immersed  in  a  deep  glass 
containing  lime-water,  which  is  water  having  a  small  quantity 
of  quick-lime  dissolved  in  it.  After  the  lungs  have  been  a  few 
times  emptied  through  this  tube,  the  water  becomes  quite  turbid, 
by  the  anion  of  the  carbonic  acid  with  the  lime,  and  the  conse- 
quent formation  of  a  carbonate  of  lime ;  which,  not  being  soluble 
in  water,  falls  as  a  white  powder,  resembling  pounded  chalk.  It 
will  be  hereafter  shown  that  Vegetables,  like  animals,  form  car- 
bonic acid  during  the  whole  course  of  their  lives ;  by  causing  the 
oxygen  of  the  air,  surrounding  them,  to  combine  with  the  carbon 
which  they  have  to  give  off  (Chap.  vin.). 

160.  Now  the  carbonic  acid  thus  combined  with  the  lime, 
might  be  separated  again  by  heat,  or  in  other  modes.  If  we 
pour  a  little  vinegar  upon  limestone  or  chalk,  a  bubbling  or 
effervescence  is  produced ;  which  is  caused  by  the  acid  of  the 
vinegar  combining  with  the  lime,  for  which  it  has  a  greater 
attraction  than  has  the  carbonic  acid ;  and  as  they  cannot  both 
be  combined  with  the  lime,  the  latter  is  sefc  free.  It  is  liberated, 
also,  in  large  quantities,  during  the  process  of  fermentation;  and 
this  it  is,  which  renders  it  dangerous  to  walk  over  a  vat  in  which 
fermentation  is  going  on,  and  which  extinguishes  a  candle  held 
in  such  a  situation.  Putrefaction,  too,  is  a  kind  of  fermentation ; 
and  carbonic  acid  is  given  off  in  this  process.  In  fact,  tlie  re- 
spiration of  Plants  and  Animals  may  be  regarded  as  designed  to 
carry  off  the  carbonic  acid,  produced  by  a  kind  of  slow  putrefac- 
tion or  decomposition,  which  is  always  going  on  within  the 
body :  for  it  is  a  peculiar  characteristic  of  the  compound  sub- 

I  2 
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stances,  of  which  yegetable  and  animal  structures  are  made  up, 
that  they  have  a  tendency  to  separate  themselves  into  their  ele- 
ments, under  the  ordinary  circumstances  of  warmth,  moisture, 
&c.,  to  which  mineral  bodies  may  be  exposed  for  centuries  with- 
out change.  This  tendency  to  separation  it  is,  which  causes  the 
decay  of  animal  and  vegetable  substances  after  death  ;  for  the 
elements  that  were  previously  combined,  in  ways  which  no 
chemical  processes  can  imitate,  then  pass  off  in  simpler  forms,  of 
which  carbonic  acid  is  one  of  the  chief. 

161.  Different  parts  of  the  Animal  and  Vegetable  frame- 
work display  this  tendency  in  varying  degrees.  Thus  the  bones 
of  an  animal,  and  the  heart- wood  of  a  tree,  may  remain  almost 
unchanged  for  centuries,  and  thus  exhibit  nearly  the  same  per- 
manence as  the  limestone  rock ;  whilst  the  soft  flesh  of  the 
animal,  and  the  pulpy  portions  of  the  plant,  pass  into  decom- 
position almost  immediately  upon  the  death  of  the  being.  This 
decomposition,  however,  is  chiefly  remarkable  after  death  ;  only 
because  it  is  not  then  counteracted  by  the  processes,  which  form 
an  essential  part  of  the  functions  of  life.  The  object  of  those 
functions,  is  not  only  to  provide  for  the  growth  of  the  structure, 
and  for  the  production  of  new  individuals  which  shall  continue 
and  extend  the  race ;  but  to  maintain  in  constant  perfection  and 
vigour  the  parts  already  formed.  This  is  accomplished  by  the 
removal  of  the  portions,  which  have  exhibited  the  slightest 
tendency  to  decay;  and  by  the  deposition  of  freshly-formi^d 
substances,  of  a  similar  character,  in  their  place.  The  particles 
which  are  removed,  are  carried  off  in  the  blood  of  the  animal  or 
the  sap  of  tlte  plant ;  and  are  separated  from  this  in  part  by  the 
process  of  respiration,  which  gets  rid  of  the  carbonic  acid,  and  in 
part  by  other  means  of  a  corresponding  nature. 

1 62.  The  rapidity  of  these  processes  of  deposition  and  removal, 
in  the  several  parts  of  the  living  body,  bears  a  very  close  propor- 
tion with  the  natural  tendency  to  decay,  which  they  respectively 
manifest.  Thus,  the  bones  of  an  Animal  are  in  general  sparingly 
supplied  with  blood,  and  seem  to  undergo  little  change,  except  as 
the  result  of  disease  or  injury ;  but  the  supply  of  blood  is  greatly 
increased,  when  any  circumstances  demand  a  new  formation  of 
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this  tissuo.  So,  in  the  heart -wood  of  a  Plant,  the  circulation 
almost  ceases ;  for  so  long  as  no  air  or  moisture  from  without, 
find  access  to  the  interior  of  the  stem,  this  part  retains  its  firm- 
ness unchanged,  and  its  particles  require  no  renewal. — But  the 
soft  tissues  of  an  Animal  are  largely  supplied  with  blood,  and  also 
with  absorbing  vessels ;  and  the  greatest  part  of  the  food  taken 
in  by  one  which  has  attained  its  fidl  growth,  is  devoted  to  the 
maintenance  of  these  parts  in  their  right  condition,  which  is 
essential  for  the  proper  performance  of  their  functions.  Of  all 
these  soft  tissues,  that  which  forms  the  brain  and  nerves  is  sup- 
plied with  the  largest  proportion  of  blood,  and  undergoes  the 
most  rapid  changes  during  life;  and  it  is  this  which  most 
speedily  decomposes  after  death.  The  soft  tissues  of  Plants  do 
not  so  quickly  decay  as  those  of  animals,  and  the  circulation  of 
nutritious  sap  through  them  is  less  active ;  but  still  a  movement 
of  fluid  takes  place,  and  the  same  object  is  attained  by  it. 

163.  Thus  we  perceive  thai  food  has  for  its  object, — in  the 
first  place,  to  supply  the  materials  of  the  growth  and  extension 
of  the  system,  enabling  the  minute  germ  containing  the  seed  to 
develop  itself  in  time  into  a  lofty  tree  ;^nezt,  to  maintain  the 
parts  so  formed,  in  their  healthy  state  ;  by  affording  the  mate- 
rials by  which  those  that  have  begun  to  decay  may  be  replaced ; 
— further,  to  provide  a  store  capable  of  supplying  the  occasional 
extraordinary  demand  for  reparation,  which  disease  or  injury 
.may  produce  ; — and,  lastly,  to  enable  the  being  to  develop  the 
germs  of  new  individuals ;  and  to  supply  them  with  a  store  of 
nutriment,  on  which  they  may  live,  until  able  to  provide  for 
themselves.  Now  of  the  55  simple  substances  into  which  the 
solids,  fluids,  and  gases,  of  the  inorganic  world  may  be  separated. 
Vegetables  are  principally  made  up  of  four ;  and  of  these  only 
three  exist  in  any  large  proportion.  These  three  are  carbon, 
oxygen,  and  hydrogen  ;  and  the  fourth  is  nitrogen.  It  appears, 
from  recent  inquiries,  that  the  arganited  tismei  of  Plants, — that 
is,  their  cells,  fibres,  vessels,  &c.,  freed  from  their  contents^-are 
composed  of  a  substance,  which  everywhere  possesses  the  same 
composition ;  and  that  this  consists  of  24  Carbon,  20  Hydrogen, 
aud  10  Oxygen,  without  any  Nitrogen.     The  composition  of 
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Starch,  which,  as  we  shall  hereafter  see  (Chap,  ix.),  performs 
offices  of  great  importance  ia  the  vegetable  economy,  is  preoiaely 
the  same.  On  the  other  hand,  the  substances  into  whose  com- 
position Nitrogen  enters,  though  very  generally  diffused  through 
the  tissues  of  the  Plant,  do  not  seem  to  undergo  organisation, 
but  to  form  part  of  the  earUenU  of  the  cells,  vessels,  &c.,  of 
which  these  tissues  are  composed. — It  is  curious  to  remark,  that 
precisely  the  reverse  is  the  case  with  Animals;  their  tissues 
being  composed  of  a  substance  containing  nitrogen ;  and  sub- 
stances which  are  destitute  of  it  being  never  found  in  their 
bodies  in  an  organised  state,  but  only  existing  there  in  the 
cavities  of  their  cells,  tubes,  &o.  (See  Amim.  Phtsiol^, 
§.  16, 154). 

164.  Of  all  these,  Carbon  is  by  far  the  most  abundant  It 
is,  as  already  mentioned,  nearly  identical  with  charcoal;  which 
consists  of  the  carbon  of  the  wood,  mixed  up  with  a  small 
quantity  of  earthy  matter.  If  this  charcoal  be  burned,  it  passes 
off  in  the  form  of  carbonic  acid  gas,  leaving  a  minute  portion 
of  white  ash,  which  is  principally  of  a  mineral  nature.  It  is 
chiefly  to  the  carbon  which  it  oontaitts,  that  the  hardness  and 
solidity  of  wood  are  due.  In  so  large  a  proportion  does  it  exist 
in  that  tissue,  that,  when  the  other  elementary  bodies  (the  oxygen 
and  hydrogen)  have  been  separated,  the  carbon  retains  the  form 
of  the  tissues  in  great  beauty  and  perfection ;  so  that  a  section 
of  a  piece  of  charcoal,  will  indicate  the  character  of  ^  wood, 
from  which  it  was  made,  nearly  as  well  as  would  a  section 
of  an  unbumt  branch.  On  the  other  hand,  in  proportion  as 
tiie  tissues  of  the  Plant  are  deficient  in  carbon,  do  we  find 
them  deficient  in  firmness  of  structure. 

1 65.  When  we  consider  the  lai^e  quantity  of  carbonic  acid, 
extricated  by  the  respiration  of  Animals,  and  by  the  immense 
amount  of  combustion  of  Coal,  whidi  is  constantly  going  on  in 
our  large  towns,  there  would  seem  no  difficulty  in  understanding 
how  it  may  be  supplied  to  Plants ;  but  so  vast  is  the  extent  of 
the  atmosphere,  through  which  the  carbonic  acid  has  to  be  dif- 
fused, that  any  given  bulk  of  au*  only  contains  about  1 -1000th 
part  of  this  gas.     Hence  it  might  be  supposed  impossible,  for 
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tlie  gigantic  mass  of  carbon  contained  in  the  wood  of  a  wide- 
spreading  forest,  to  have  been  derived  chiefly,  if  not  entirely,  from 
this  source;  and  yet  such  will  be  seen  to  be  the  case.  For, 
althongh  the  soil  may  contain  carbon,  none  <^  it  is  taken  up  in  a 
solid  form ;  and  its  quantity  rather  increases  than  diminishes  in 
the  course  of  years. 

1 66.  Oxygen  is  contained  latgdy  in  Plants ;  and  the  pre- 
sence of  it  in  the  air  which  surrounds  tiiem,  is  very  necessary  to 
their  healthful  existence,— chiefly  as  affording  the  means  by 
which,  as  already  explained,  the  superfluous  carbon  is  removed. 
This  element  is  equally  necessary  to  animals ;  and  it  constitutes 
about  a  fifth  part  of  the  air  we  breathe.  A  portion  of  tliis  air 
is  dissolved,  as  it  were,  in  water ;  and  it  is  in  this  manner,  that 
fidies  and  other  ^aquatic  animals,  as  well  as  aquatic  plants,  are 
supplied  with  oxygoi.  Most,  if  not  all,  however,  of  tiie  oxygen, 
which  is  contained  in  vegetable  substances,  is  taken  up  by  them, 
either  in  combination  with  carbon,  or  in  union  veith  hydrogen, — 
a  body  which,  with  it,  forms  water. 

167.  Htdrooen  is  also  contained  largely  in  Plants ;  and,  in 
most  of  the  substances  into  whose  composition  it  enters,  it  is  com- 
bined with  oxygen,  nearly  in  the  same  proportion  as  in  water. 
Although  it  is  probable  that  a  small  quantity  is  introduced  with 
nitrogen  in  the  form  of  ammonia  (the  pungent  gas  which  gives 
strength  to  hartshorn,  smelling  salts,  &c.),  we  may  regard  the 
waUr  introduced  into  the  substance  of  plants  by  their  roots,  and 
also  in  part  absorbed  by  their  general  surface^  as  the  chief  source 
of  this  element,  as  well  as  of  the  oxygen  contained  in  the 
vegetable  structure. 

168.  NiTRooBN  has  not  been  commonly  regarded  as  an  im- 
portant element  of  the  Yegetable  structure;  but  it  has  been  lately 
shown  to  exist  largely  in  certain  parts  of  plants;  and  there  seems 
reason  to  believe  its  presence  to  be  essential  to  the  increase  of 
their  fiibric,  by  the  formation  of  new  parts.  It  is  an  important 
ingredient  in  the  substance  called  glutm^  which  is  identical  in  its 
chemical  composition  with  the  Albumen,  which  is  the  basis  of 
the  Animal  tissues  (Anim.  Physiol.  §.  153) ;  tliis  gluten  exists 
largely  in  the  seeds  of  the  various  kinds  of  com,  and  most  of  all 
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in  wheat ;  and  it  is  in  part  on  this  account,  that  wheaten  bread 
is  the  raoet  nutritious  of  ail  vegetable  substances  ordinarily  used 
as  food.  It  is,  indeed,  on  account  of  their  entire  deficiently  in 
nitrogen,  that  gum,  sugar,  and  other  similar  products,  are  not  fit 
to  maintain  animal  life  by  themselves  (see  Anim.  Physiol.  §.155). 
Nitrogen  constitutes  four-fifths  of  the  atmosphere ;  but  it  does 
not  seem  to  be  taken  in  by  the  Plant  in  its  simple  form.  This 
gas  with  hydrogen  forms  ammonia^  of  which  a  minute  quantity 
always  exists  in  the  atmosphere,  being  chiefly  supplied  to  it  by 
the  decomposition  of  animal  matter ;  and  this  is  absorbed  by  the 
soil,  and  taken  up  by  the  roots,  in  the  manner  hereafter  to  be 
described.  It  is  in  the  supply  of  ammonia  which  they  yield, 
that  the  principal  benefit  of  animal  manures  seems  to  consist 

169.  Besides  these  elementary  substances,  which  all  Plants 
contain,  and  of  which  the  vegetable  tissue  may  be  regarded  as 
essentially  consisting,  almost  all  plants  contain  some  mineral 
ingredients,  the  presence  of  which  is  necessary  to  their  healthy 
existence.  These  remain  as  ashe^  when  the  other  parts  of  the 
structure  are  set  at  liberty  by  combustion ; — the  carbon  uniting 
with  the  oxygen,  and  with  some  additional  oxygen  from  the  air, 
passes  off  as  carbonic  acid ; — of  the  hydrogen^  part  unites  in  the 
same  manner  with  oxygen,  and  passes  off  as  watery  vapour ; — 
the  oxygen  is  thus  entirely  carried  off ; — and  the  nitrogm  unites 
with  the  remainder  of  the  hydrogen,  to  form  ammonia.  Thus 
there  remains  nothing  of  the  vegetable  tissue,  but  the  incom- 
bustible matter ;  and  the  nature  of  this  varies  in  different  plants. 
Thus,  in  the  Grasses  (including  Com,  Bamboo,  Sugar  Cane,  &c.), 
the  ashes  consist  principally  of  minute  particles  of  flint.  In  most 
other  plants  growing  inland,  we  find  some  compound  of  the 
alkali  potash ;  and  it  is  from  this  source,  that  the  greatest  quan- 
tity of  \kiQ  pearUcLih  that  is  largely  used  in  various  manufactures, 
such  as  soap  and  glass,  is  derived.  On  the  other  band,  in  plants 
growing  near  the  sea,  the  potash  is  replaced  by  soda,  which  has 
nearly  similar  properties.  Again,  in  most  plants,  there  is  a 
small  quantity  of  carbonate  of  lime,  and  in  others  there  is  a  large 
quantity  of  lime  combined  with  other  acids ;  thus,  in  Rhubarb 
we  find  large  crystals  of  oxalate  of  lime ;  and  in  the  Com-grains 
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there  is  a  considerable  amount  of  phosphate  of  lime,  by  which 
their  power  of  nourishing  Animab  is  greatly  increased,  since  this 
snbstance  constitutes  the  earth  of  bones. 

1 70.  Of  these  different  mineral  ingredients,  each  Plant  seems 
to  have  some  one  or  more,  that  are  as  essential  to  its  growth,  as 
is  any  other  article  of  its  food;  but  the  quantity  required  is 
sometimes  extremely  minute,  so  as  to  be  scarcely  detectible, — 
only  a  very  small  quantity  of  ash  remaining,  after  the  tissue  has 
been  burned.  In  other  instances,  again,  the  mineral  matter  is 
so  abundant,  as  to  present  itself  in  the  form  of  large  crystals, 
which  are  deposited  between  the  cells  of  the  tissue.  But  that 
which  seems  its  proper  office,  is  to  form  part  of  the  membranous 
walls  of  every  cell  and  tube  of  the  whole  structure,  however 
delicate  these  may  be.  If  a  thin  portion  of  almost  any  plant,  be 
burned  in  such  a  manner,  that  free  combustion  of  all  its  gaseous 
elements  may  take  place,  without  disturbing  the  place  of  those 
which  remain,  a  beautiful  skeleton,  consisting  of  extremely 
minute  particles  of  mineral  matter,  will  be  seen,  in  which  the 
form  of  all  the  cells,  vessels,  &c.  may  be  distinctly  traced.  These 
particles  would  seem  to  be  dispersed  throughout  the  minutest 
parts  of  the  vegetable  tissue ;  and  they  probably  serve  the  pur- 
pose of  conferring  additional  strength  upon  the  delicate  frame- 
work of  which  it  consists.  Even  in  the  finer  ashes  left .  by  the 
combustion  of  common  coal,  a  person  to  whom  the  forms  of  the 
elementary  tissues  of  plants  are  familiar,  will  often  succeed  in 
detecting  with  the  microscope,  fragments  of  such  skeletons; 
which  thus  add  to  the  evidence— otherwise  sufficiently  strong, 
or  the  Vegetable  nature  of  that  substance. 

171.  Now  that  we  aro  acquainted^  therefore,  with  the  ele- 
ments of  which  the  Vegetable  structure  is  composed,  and  have 
some  knowledge  of  the  sources  whence  these  are  derived,  we  are 
prepared  to  inquire  more  minutely,  into  the  manner  in  which 
they  are  severally  received  into  the  organism,  and  made  parts  of 
its  structure.  This  is  an  inquiry  of  the  highest  consequence  in 
Agriculture, — an  art  which,  as  it  has  been  justly  observed,  is 
superior  in  importance  to  every  other,  since  on  it  Man  entirely 
depends  for  his  subsistence,  and  in  great  part  also  for  the  wealth 
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And  power  obtained  by  commeroe,  and  fur  tlie  materials  of  his 
▼ariouB  mannfactures. 

1 72.  From  what  has  been  stated,  it  would  appear  that  water, 
carbonic  acid,  and  a  minute  quantity  of  ammonia,  supply  the 
ingredients  of  the  new  compounds,  which  are  formed  in  the 
living  Plant ;  but  that,  in  most  cases,  mineral  substances  of  some 
kind  are  required  in  addition.  There  are  some  plants  which 
derive  a  sufficient  quantity  of  all  these  elements,  from  the  atmo- 
sphere alone;  so  as  to  be  able  to  maintain  life,  and  even  to  flourish, 
without  any  other  kind  of  supply.  The  water  is  absorbed  by 
the  general  surfi^e,  but  especially  by  the  roots,  which  in  such 
plants  are  usually  long,  and  of  soft  tissue  throughout ;  the  car- 
bonic acid  is  taken  in  through  the  green  parts  from  the  atmo- 
sphere alone,  in  the  manner  which  will  be  described  in  the  next 
Chapter ;  and  the  minute  quantity  of  ammonia,  also  contained  in 
the  atmosphere,  which  is  probably  dissolved  in  water  and  taken 
up  with  it,  affords  a  sufficient  supply  of  nitrogen.  Such  aerial 
plants  usually  contain  but  a  very  small  quantity  of  mineral 
matters ;  and  these,  too,  are  probably  derived  item  the  atmo- 
sphere, in  which,  as  will  be  hereafter  mentioned,  their  particles 
are  suspended. 

173.  These  aerial  plants,  clustering  roimd  the  branches  of 
lofty  trees,  and  hanging  to  a  great  depth  beneath  them,  are  ex- 
tremely common  in  tropical  climates ;  in  which  the  atmospheric 
moisture  is  much  greater,  and  where  they  constitute  an  important 
part  of  the  vegetation ;  and  they  are  not  wanting  in  this  country. 
Many  trees  and  plants,  which  do  not  ordinarily  grow  in  this 
manner,  may  be  caused  to  do  so  by  accident  or  design ;  and  may 
even  thrive  extremely  well.  At  New  Abbey,  in  Gallowayshire, 
in  the  year  1817)  there  was  growing  on  the  top  of  a  stone  wall 
which  measured  ten  feet  in  height,  a  Plane  tree,  which  measured 
twenty  feet  in  height ;  and,  as  it  soon  exhausted  the  bare  and 
scanty  soil  in  which  the  young  plant  grew,  it  sent  down  roots 
which  clung  to  the  side  of  the  wall,  and  threw  out  neither  bud 
nor  branch  until  they  reached  the  ground,  which  was  not  until 
several  years  had  elapsed ;  during  all  this  time,  the  tree  must 
have  lived  upon  the  materials  supplied  by  the  atmosphere  alone. 
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1 74.  In  one  of  the  hot-honses  in  the  Botanic  Garden  of  Edin- 
borgh,  a  plant  of  the  Ficos  Aostralis  (the  Fig  of  New  Holland) 
was  caused  to  grow  entirely  without  earth,  by  gradually  with- 
drawing from  the  pots  the  several  roots  contained  in  them.  The 
plant  was  well  watered  twice  a  day,  and  put  out  roots  freely  from 
all  parts  of  the  stem  and  branches,  by  which  it  appeared  to  gain 
an  ample  supply  of  nourishment ;  for  it  produced  a  very  full  crop 
of  fruit,  in  the  autumn  after  the  earth  was  removed  from  the  last 
set  of  roots.  Even  when  a  plant  attaches  itself  by  roots  to  the 
soil  or  rock,  these  may  serve  only  for  its  support,  and  may  not 
contribute  anything  to  its  growth. 

175.  Many  succulent  Plants  of  warm  climates  exist  in  this 
manner ;  clinging  to  the  &ces  of  the  barest  clifis,  or  rising  out  of 
the  most  dry  and  barren  sand ;  deriving  their  supplies  of  moisture 
and  other  aliment,  therefore,  entirety  from  the  atmosphere.  It  is 
interesting  to  remark,  that  most  of  these  plants  contain  in  their 
juices  the  substance  caoutchouc  (commonly  known  as  Indian- 
rubber)  and  also  wax ;  and  the  moisture  obtained  from  the  atmo- 
sphere is  prevented  from  evaporating  (which  even  the  thick  cuticle 
would  not  prevent  it  from  doing,  under  the  influence  of  a  burn- 
ing sun),  by  a  thin  layer  formed  by  the  drying  of  these  juices 
around  them;  which,  like  a  waterproof  cloak,  keeps  in  the 
vapour  that  would  otherwise  be  raised,  so  that  the  tissue  of  these 
plants  becomes  turgid  with  their  juices,  although  so  little  is 
absorbed. 

176.  But  the  majority  of  Yegetables  require  a  larger  and  more 
certain  supply  of  their  various  kinds  of  aliment,  than  the  atmo- 
sphere can  furnish ;  and,  by  the  prolongation  of  their  roots  into 
the  soil,  they  are  enabled  to  obtain  this, — ^in  a  manner,  however, 
which  requires  some  little  explanation.  What  is  commonly 
termed  soil  or  mould  consists  of  two  kinds  of  ingredients ; — it  is 
partly  composed  of  the  materials  of  the  rock  beneath,  the  par- 
ticles of  which  are  gradually  separated  from  each  other,  by  the 
action  of  the  atmosphere,  of  water,  and  of  the  roots  of  growing 
Plants,  as  formerly  explained  (§.  108) ; — and  partly  of  tlie 
remains  of  former  races  of  Plants,  which  are  in  process  of  decay. 
The  former  sometimes  exbt  almost  alone ;  and  tlie  latter,  in  land 
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which  has  long  been  cultivated,  often  constitute  a  very  large  pro- 
portion. The  two  together,  or  either  singly,  will  form  a  soil ; 
the  first  use  of  which  is  to  afford  to  the  plant  the  power  of  affix- 
ing itself,  so  as  to  raise  its  stem,  leaves,  and  flowers,  into  the 
most  direct  influence  of  the  air  and  light.  The  next  object 
which  it  should  fulfil,  is  to  supply  the  toots  with  a  sufficient  and 
regular  amount  of  water ;  and  this  will  be  eflected,  according  as 
it  is  capable  of  imbibing  water  readily,  from  the  atmosphere,  and 
from  the  neighbouring  springs,  ponds,  or  streams. 

177.  Soils  maybe  divided  into  the  clayey,  the  calcareous 
(those  containing  much  carbonate  of  lime),  and  the  sandy.  A 
stiff  soil  opposes  the  ramification  of  the  roots,  whilst  a  sandy  one 
does  not  afford  them  sufficient  hold ;  it  follows,  therefore,  that 
no  plants  will  grow  advantageously  in  the  former,  but  those 
whose  roots  do  not  naturally  extend  far,  and  whose  vegetation 
is  slow ;  whilst  those  are  most  suited  to  a  sandy  soil  whose  roots 
spread  extensively.  It  is  by  means  of  the  Arundo  arenaria  or 
Sea-reed,  that  the  Dutch  attempt  to  check  the  progress  of  tlie 
drifting  sand-hills,  which  threaten  desolation  to  large  tracts  of 
country ;  and  when  the  soil  is  once  fixed  by  it,  and  improved  by 
the  decay  of  the  individuals  first  produced,  it  affords  support  to 
vegetation  of  more  value. 

178.  Again,  every  one  knows  that  a  stiff  clay  will  retaifi  its 
moisture  for  a  long  time ;  and  that  it  parts  with  it,  or  receives 
more,  with  much  difficulty ;  whilst,  on  the  other  hand,  a  sandy 
soil  absorbs  much  water,  but  soon  loses  it  again.  In  climates 
where  rain  occurs  pretty  often,  a  calcareous  soil  is  usually  pre- 
ferred, as  retaining  its  moisture  sufficiently  long,  and  yielding  it 
with  facility  ;  if,  however,  the  temperature  of  a  country  be  high, 
and  rain  fall  but  rarely,  a  stiff  soil  is  preferable,  as  it  will  not 
become  dry  in  the  intervals ;  whilst,  on  the  other  hand,  a  sandy 
soil  answers  better  in  a  region  where  showers  frequently  descend. 
The  defects  of  one  soil,  in  regard  to  its  power  of  supplying  vege- 
tation with  moisture,  may  be  in  some  degree  remedied  by  ad- 
mixture with  another ;  this  process  is  called  in  agriculture  the 
tempering  of  soils.  Thus,  a  stiff  clayey  soil  may  be  tempered  by 
mixing  with  it  chalk,  ashes,  or  sand,  by  which  it  is  rendered 
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more  permeable  to  water ;  whilst,  on  tlie  other  hand,  a  loose 
sandy  soil  may  be  advantageously  tempered  with  clay. 

1 79.  The  supply  of  moisture  to  the  roots,  however,  is  not  the 
only  important  object,  which  the  soil  should  answer.  It  ouglit 
to  aiFord  carbonic  acid  also ;  since  it  is  essential  to  the  rapid 
growth  of  a  Plant,  that  this  part  of  its  nourishment  should  be 
taken  in  by  its  roots,  as  well  as  by  its  leaves.  The  carbonic 
acid  may  be  furnished  in  two  ways  ;  either  the  soil  may  absorb 
it  ftx>m  the  atmosphere  ;  or  the  decay  of  some  of  the  matter 
contained  in  it,  may  disengage  this  product.  There  is  a  remark- 
able property  possessed  by  several  porous  substances,  of  absorb- 
ing gases,  and  especially  carbonic  acid  gas,  to  the  amount  of 
many  times  their  own  bulk.  (See  Mechan.  Philos.,  §.  33.) 
Of  all  these,  charcoal  is  one  of  the  most  powerful  in  this  respect ; 
and  it  has  been  found,  that  many  plants  may  be  grown  in  pow- 
dered charcoal,  if  sufficiently  supplied  with  water,  more  luxu- 
riantly than  in  any  other  soil.  The  charcoal  itself  undergoes  no 
change,  but  it  absorbs  carbonic  acid  gas  from  the  air :  this  is 
dissolved  by  the  water  which  is  taken  up  by  the  roots,  and  thus 
it  is  introduced  into  the  system.  In  such  cases,  the  plant 
derives  its  solid  matter  as  completely  from  the  atmosphere  alone, 
as  if  its  roots  were  entirely  exposed  to  it ;  for  not  a  particle  of 
the  charcoal  is  dissolved,  and  t/,  therefore,  affords  no  nutriment 
to  the  plants. 

180.  It  may  be  thought  incredible  that  the  enormous  quan- 
tity of  carbon,  which  enters  into  the  composition  of  a  single  tree, 
— much  more  of  an  extensive  forest,  and  much  more  still  of  the 
immense  succession  of  such  luxuriant  forests,  as  those  which 
formed  our  beds  of  coal, — should  ever  have  been  contained  in 
the  atmosphere ;  since  any  given  quantity  of  air  contains  only 
about  one-thousandth  of  its  weight  of  carbonic  acid ;  and  this 
gas  is  composed  of  only  about  27  parts  of  solid  carbon  in  every 
100.  But  it  must  be  remembei-ed  that,  as  the  weight  of  the  air 
pressing  upon  every  square  inch  of  the  earth's  surface  is  lolb;^., 
that  pressing  upon  a  square  foot  will  be  21601bs. ;  and  as  the 
surface  of  the  earth  can  be  almost  exactly  calculated,  it  may  be 
^own  that,  in  the  whole  of  the  atmosphere  surrounding  it,  at 
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least  three  thousand  million  million  pounds  of  solid  carbon  must 
be  contained, — a  quantity  which  amounts  to  more  than  the  pro- 
bable weight  of  all  the  plants,  and  of  all  the  beds  of  coal,  which 
exist  upon  the  earth.  The  quantity  of  carbon  existing,  in  various 
states  of  combination,  in  sea-water,  is  proportionably  greater. 

181.  The  readiness  with  which  the  atmosphere  yields  a  large 
quantity  of  carbonic  acid,  to  any  substance  having  a  strong 
attraction  for  it,  is  shown  when  the  walls  and  ceiling  of  a  room 
are  white- washed,  or  coated  with  a  thin  layer  of  quick-lime.  This 
coating  becomes  very  speedily  converted,  by  combination  with 
the  carbonic  acid  of  the  air,  into  carbonate  of  lime.  It  may  be 
thus  shown,  that  the  atmosphere  is  capaUe  of  yielding  to  a  coat- 
ing of  lime,  extended  over  a  given  surface,  and  renewed  as  fast 
as  it  is  converted  into  carbonate,  a  quantity  of  carbonic  acid 
three  times  as  great  as  that,  which  is  taken  in  by  the  leaves  and 
roots  of  plants,  growing  upon  a  similar  sur&ce  dunng  the  same 
time. 

182.  The  constant  maintenance  of  this  ingredient  in  the 
atmosphere,  so  as  to  supply  the  enormous  drain  upon  it,  which 
active  vegetation  induces,  is  owing  to  changes  of  an  opposite 
character  taking  place  as  constantly.  Every  Animal  is  inces- 
santly engaged  in  converting  the  oxygen  of  the  air  into  carbonic 
acid,  by  the  process  of  respiration  or  breathing.  Of  the  solid 
carbon  taken  in  by  it  as  food,  which  is  all  derived,  either  directly 
or  indirectly,  from  Vegetable  matter  (since  every  Animal  is 
supported  either  upon  Vegetable  substances,  or  upon  the  flesh 
of  other  Animab  which  subsist  on  them),  a  portion  is  constantly 
being  restored  to  the  gaseous  form  in  this  manner.  A  single 
Man  daily  converts  nearly  18,000  cubic  inches  of  the  oxygen  of 
the  air  into  carbonic  acid,  by  the  carbon  disengaged  from  his 
lungs  (Anim.  Physiol.,  §.  334)  ;  and  the  enormous  amount  that 
must  be  daily  formed,  by  the  whole  human  and  animal  popula- 
tion of  the  globe,  may  thus  be  perceived.  Again :  the  combus- 
tion of  vegetable  substances, — coal,  wood,  &c. — is  a  vast  and 
continual  source  of  the  renewal  of  the  supply,  drawn  by  vege- 
tation from  the  atmosphere.  It  has  been  calculated  that  the 
small  town  of  Giesseu  in  Germany,  possessing  a  population  of 
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abont  TOGO  inhabitants,  yearly  converts  more  than  1000  miUion 
cubic  feet  of  oxygen  into  carbonic  acid,  by  the  combustion  of 
wood  as  fuel ;  and  in  an  English  manufacturing  town,  where  the 
proportion  of  coal  used  is  far  greater,  the  amount  would  be  at 
least  twice  as  much  in  proportion  to  the  size. 

183.  Now  if  it  were  not  for  the  constant  check,  which  tlie 
processes  of  vegetatiou  afford,  to  the  accumulation  of  this  ingre- 
dient in  the  atmosphere,  it  would  go  on  increasing,  until  the  air 
became  unfit  for  the  support  of  Animal  life.  But  it  is  the  fact, 
ascertained  by  the  careful  examination  of  the  air  preserved  in 
some  empty  jars  which  had  been  buried  with  the  city  of  Pom- 
peii, that  the  proportion  of  the  gases  composing  the  atmosphere, 
can  be  proTed  to  have  undergone  no  change  during  the  last  1800 
years.  It  is  scarcely  possible  to  contemplate  all  this  wonderful 
system  of  mutual  action,  upon  a  scale  so  immense,  without  being 
struck  with  the  simplicity  and  harmony  of  the  design,  and  the 
perfection  with  which  it  operates.  The  Plant  is  constantly 
withdrawing  from  the  atmosphere  its  carbcm,  and  couYcrts  it 
into  the  material  of  its  own  solid  structures.  Of  the  substances 
thus  produced,  a  part  is  employed  as  food  for  Animals  and  Man, 
a  part  seryes  as  fael,  a  part  is  applied  to  various  purposes  in 
arts  and  manufactures,  and  a  part  decays  without  being  remoyed 
from  the  place  where  it  grew.  Now  nearly  all  the  carbon  taken 
in  as  food  by  Animals,  is  restored  in  a  gaseous  form  to  tlie 
atmosphere,  either  by  the  process  of  breathing  during  life,  or  by 
the  decompodtion  of  their  tissues  after  death ; — all  that  is  used 
as  fuel  is  conyerted  into  carbonic  acid  gas, — as  does  nearly  all 
that  decays  where  it  grew ; — there  only  remains,  therefore,  the 
amount  employed,  chiefly  in  the  form  of  timber,  for  various  pur- 
poses by  Man ;  and  this  is  more  than  supplied,  by  the  combus- 
tion of  that  which  has  been  stored  up  ages  ago  for  his  use,  in  the 
form  of  ooaL 

184.  It  is  from  the  decay  of  Vegetable  and  Animal  matter, 
that  Plants  (at  least  under  ordinary  circumstances)  derive  what- 
eyer  supply  of  carbonic  acid  they  obtain,  in  addition  to  that 
afforded  by  the  atmosphere.  Vegetable  mould  consists  of 
decaying  portions  of  the  tissue  of  plants ;  and  is  constantly  libe» 
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rating  carbonic  acid,  in  the  progress  of  its  dt^om position.  Tlii5> 
is  dissohed  by  the  flnid  of  the  soil,  and  is  taken  up  by  the 
roots.  The  supply  of  carbonic  acid  thus  obtained,  seems  chiefly 
important  to  the  plant,  when  its  leaves  are  undeveloped  ;  as  id 
the  case  in  the  early  stages  of  its  growth,  as  well  as  in  every 
succeedmg  spring,  with  all  but  evergreens.  For  it  will  hereafter 
be  shown,  that  it  is  almost  entirely  through  their  leaves,  that 
plants  obtain  carbon  from  the  atmosphere ;  and  when  these  are 
fully  expanded,  the  absorption  of  carbonic  acid  by  the  roots  may 
be  dispensed  with. 

185.  But  the  decomposition  of  the  Vegetable  matter  of  the 
soil,  requires  the  free  access  of  air  to  every  part  of  it.  If  any 
substance,  however  rapid  its  tendency  to  decay,  be  completely 
secluded  from  the  atmosphere,  little  or  no  change  in  it  will  take 
place.*  Every  particle  of  the  soil  needs  to  be  surrounded  with 
oxygen,  for  the  production  from  it  of  carbonic  acid ;  and  to  pro- 
duce this  condition,  is  one  of  the  chief  objects  which  is  effected, 
by  tilling  and  loosening  the  soil.  In  this  respect  it  is  manifest, 
that  a  clayey  soil  is  inferior  to  all  other  kinds ;  and  its  injurious 
character  can  only  be  remedied,  by  admixture  with  other  sub- 
stances, or  by  laborious  cultivation.  The  necessity  of  unimpeded 
access  of  air  to  the  part  of  the  ground,  through  which  the  roots 
are  distributed,  is  shown  in  an  interesting  manner,  when  trees 
are  planted  too  deep  in  the  soil,  or  when  their  roots  have  been 
covered  with  an  additional  quantity  of  earth.  If  the  tree  be  old 
or  sickly,  it  generally  dies ;  but  if  it  be  vigorous,  it  sends  out  a 
new  set  of  roots  nearer  the  surface,  and  the  extension  of  the  old 
ones  ceases. 

186.  Notwithstanding,  however,  the  gradual  conversion  of 
the  carbon  contained  in  vegetable  mould,  into  carbonic  acid,  and 
the  absorption  of  this  by  the  roots,  the  quantity  of  carbon  in  a 
soil  which  supports  a  flourishing  vegetation,  is  progressively 
increasing,  rather  than  diminishing.  The  addition  takes  place 
in  several  ways.    The  roots  themselves  throw  out  (as  ahneady 

♦  It  it  on  this  principle,  that  various  articles  of  food  arc  now  preserved  for  sub- 
sequent use,  in  tin  cases  completely  closed ;  and  possess  their  perfect  flavour, 
•fler  exposure  to  all  varieties  of  temperature,  for  several  years. 
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stated,  $.  119)  a  considerable  amount  of  matter,  formed  in  the 
T^table  itself,  and  corresponding  in  character  with  its  peculiar 
secretions ;  and  this  gradually  undergoes  decomposition,  furnish- 
ing a  large  proportion  of  carbon.  The  leaves  of  plants  which 
&11  in  the  forest  in  autumn,  and  the  old  roots  of  grass  in  the 
meadow,  are  likewise  converted  into  a  rich  vegetable  mould, 
capable  of  yielding  a  large  supply  of  carbonic  acid ;  and  thus  it 
becomes  evident,  that  plants  must  absolutely  derive  more  carbon 
from  the  atmosphere,  than  they  fix  in  their  own  tissues,  since 
they  are  continually  increasing  the  amount  of  vegetable  mould 
on  the  surface  of  the  earth. 

187.  Thus  we  perceive,  that  no  matter  which  has  been 
organised,  can  serve  as  the  food  of  Plants,  until  it  has  undergone 
decomposition ;  and  that  it  is  solely  in  the  constant  and  regular 
supply  of  carbonic  acid  it  affords,  that  vegetable  mould  is  more 
adapted  for  the  support  of  vegetable  life,  than  any  other  kind  of 
soil.  If  we  could  form  a  soil  of  mineral  substances  only,  in 
t;very  portion  of  which  carbonic  acid  should  be  slowly  liberated, 
and  which  would  be  equally  fit  in  other  respects,  Plants  would 
flourish  quite  as  well  in  it.  And  thus  we  see  a  very  important 
difference  in  the  characters  of  the  Animal  and  Vegetable  King- 
dom ;  for,  whilst  the  beings  of  the  first  group  are  entirely 
dependent  for  their  nourishment,  upon  matter  that  has  been  pre- 
viously organised,  and  thus  derive  their  support  either  from  ani- 
mal or  vegetable  bodies, — those  of  the  latter  are  dependent  for 
their  growth,  only  upon  the  materials  supplied  by  the  inorganic 
world,  although  their  increase  may  be  advantageously  assisted 
and  stimulated,  by  those  which  they  derive  from  the  decay  of  the 
former. 

188.  And  here  again  do  we  trace  a  beautiful  harmony,  be- 
tvreen  the  various  parts  of  the  grand  scheme  of  Creation ;  for  had 
Yegetables  been  dependent,  like  Animals,  upon  organic  matter, 
both  classes  of  beings  must  have  gradually  disappeared  from  the 
face  of  the  earth,  since  the  spontaneous  death  and  decay  of  a 
large  proportion  of  them,  is  constantly  restoring  to  the  inorganic 
world,  the  elements  they  have  for  a  time  held,  in  those  peculiar 
forms  of  combination  which  are  termed  organic;  and  thUs  the 
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amount  of  organic  matter  would  be  continually  diminishing. 
But  Vegetables,  holding  an  intermediate  station  between  the 
Mineral  and  Animal  creation,  bring  them,  as  it  were,  into  con- 
nexion with  each  otlier ;  preparing,  from  little  else  than  the  air 
and  the  water  of  the  globe,  the  materials  for  the  sustenance  of 
the  countless  millions  of  beings,  which  move  upon  its  surface, 
and  which,  when  their  allotted  period  of  existence  has  expired, 
restore,  by  their  decay,  the  elements  that  are  required  for  the 
support  of  Vegetable  life. 

189.  No  organic  substances  can  be  said  to  serve  as  food 
to  Vegetables,  in  the  same  manner  as  to  Animals ;  for  they 
all  need  to  be  separated  into  nearly  their  simplest  forms,  before 
they  can  be  reunited  into  the  peculiar  compounds,  which  are 
required  by  the  tissues  of  the  Plant  for  their  nourishment  and 
extension.  If  it  were  otherwise,  we  should  expect  that  those 
would  act  as  most  serriceable  manures,  which  are  most  similar 
in  composition  to  vegetable  tissue ;  just  as  animal  flesh  is  the 
most  easily  digested,  of  all  food,  by  the  animal.  But  this  is  not 
the  case ;  for  the  richest  manures  are  well  known  to  be  those, 
which  (supplying  also  certain  ingredients  presently  to  be  men> 
tioned)  are  continually  evolving,  by  their  decay,  a  large  quan- 
tity of  carbonic  acid.  It  is  in  part,  by  hastening  the  separation 
of  the  elements  of  some  substances,  which  might  otherwise  resist 
decay  for  a  long  time,  that  lime  acts  as  a  valuable  manure  ;  and 
yeast  is  a  still  more  powerful  agent  of  the  same  kind,  occasion- 
ing a  kind  of  fermentation  in  the  vegetable  matter  of  the  soil,  by 
which  a  large  quantity  of  carbonic  acid  is  liberated.  On  the 
other  hand,  the  carbonic  acid  produced  by  a  manure  may  be  too 
rapidly  set  free ;  and  thus  the  plant  may  become,  as  it  were, 
gorged  with  food  ;  whilst,  at  a  subsequent  time,  it  is  starved  by 
the  deficiency  occasioned  by  the  too  great  energy  of  the  change 
at  its  commencement.  In  such  cases,  the  addition  of  some  sub- 
stance (such  as  charcoal  made  from  bones),  which  has  the  power 
of  retarding  decomposition,  renders  the  operation  of  the  manure 
more  equable,  and  more  correspondent  with  the  progress  of  vege- 
tation. In  general,  rich  manures  are  most  serviceable  to  plants 
which,  being  only  annual,  naturally  grow  rapidly ;  and  those 
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which  decompose  slowly,  best  suit  a  yegetation  which  increases 
with  more  regularity. 

190.  These  facts  haye  an  important  influence  on  the  opera* 
tions  of  the  cultivator ;  whether  they  be  on  the  large  scale  of 
the  Farmer,  or  the  small  one  of  the  Gardener.  No  manure  is 
more  serviceable  in  yielding  carbonic  acid,  than  that  which  con- 
sists of  decaying  vegetable  matter ;  and  this  is  much  more  abund- 
ant than  is  commonly  imagined.  A  small  garden,  attached  to  a 
dwelling-chouse,  may  be  furnished  with  an  ample  supply  of  rich 
manure,  by  throwing  into  a  pit  all  the  refuse  vegetable  matter  of 
the  kitchen,  and  that  supplied  by  the  garden  itself^  in  the  (brm 
of  weeds,  dead  leaves,  pronings  of  fruit  trees,  &c. ;  these  should 
be  lightly  covered  with  earth,  and  kept  slightly  moist,  and  fre- 
quently exposed  to  the  air  by  being  turned  over  with  the  spade.* 
And  in  a  farm,  there  will  seldom  be  any  deficiency  of  similar 
materials,  if  none  are  wasted.  Weeds,  for  example,  should  not 
be  burned,  unless  they  are  in  seed ;  for  they  may  be  made  to 
afford  a  valuable  supply  of  nutriment,  instead  of  withdrawing  it 
A  manure  of  this  kind  is  to  many  plants  more  serviceable,  than 
that  furnished  by  animals.  Some  remarkable  examples  are  on 
record,  of  the  influence  of  it  upon  the  growth  of  vines ;  which 
may  be  here  advantageously  introduced,  as  interesting  illustra- 
tions of  the  foregoing  principles. 

191.  ''  Nothing  more,"  says  a  vine-grower  on  the  banks  of 
the  Rhine,  '^  is  necessary  for  the  manure  of  a  vineyard,  than  the 
hrcmekei  which  are  cut  from  the  tfines  themtelves.  My  vineyard 
has  been  manured  in  this  way  for  eight  yeus,  without  receiving 
any  other  kind  of  manure ;  and  yet  more  beautiful  and  richly- 
laden  vines  could  scarcely  be  pointed  out.  I  f(»rmerly  followed 
the  method  usually  practised  in  this  district ;  and  was  obliged 
in  consequence  to  purchase  manure  to  a  large  amount.  This  is 
now  entirely  saved,  and  my  land  is  in  excellent  condition. 
When  I  see  the  fatiguing  labour  used  in  the  manuring  of  vine- 
yards— ^horses  and  men  toiling  up  the  mountains  with  unneces- 
sary materials, — I  feel  inclined  to  say  to  all,  *Come  to  my 

♦  Such  a  collection,  however,  should  not  be  formed  ia  the  neighbourhood  of  a 
dwelHng-houtc ;  as  the  emanattona  from  it  are  injurious  to  health. 

E  2 
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Tineyard  and  see  how  a  bountifal  Creator  has  provided  that 
vines  should  manare  themselves,  like  the  trees  in  a  forest,  and 
even  better  than  they !'  The  foliage  falls  from  trees  in  a  forest, 
only  when  the  leaves  are  withered,  and  they  lie  for  years  before 
they  decay ;  but  the  branches  are  pruned  from  the  vine  about  the 
end  of  July  or  the  beginning  of  August,  while  still  fresh  and 
moist.  If  they  are  then  cut  into  small  pieces  and  mixed  with 
the  earth,  they  undergo  putrefaction  so  completely,  that,  as  I 
have  learned  frt>m  experience,  at  the  end  of  four  weeks  not  the 
smallest  trace  of  them  can  be  found." 

192.  The  following  account  from  a  poorer  vine-grower, 
which  is  to  a  similar  purpose,  is  instructive,  as  showing  of  how 
much  value  a  little  intelligent  observation  may  become.  "  For 
Uie  last  ten  years  I  have  been  unable  to  place  dung  on  my  vine- 
yard, because  I  am  poor,  and  can  buy  none.  But  I  was  very 
unwilling  to  allow  my  vines  to  decay,  as  they  are  my  only  source 
of  support  in  my  old  age ;  and  I  often  walked  very  anxiously 
amongst  them,  without  knowing  what  I  should  do.  At  last  my 
necessities  became  greater,  which  made  me  more  attentive ;  so  I 
remarked  that  the  grass  was  longer  on  some  spots,  where  the 
branches  of  the  vine  fell,  than  on  those  on  which  there  were  none. 
So  I  thought  upon  the  matter,  and  then  said  to  myself :  If  these 
branches  can  make  the  grass  large,  strong,  and  green,  they  must 
also  be  able  to  make  my  plants  grow  better,  and  become  strong 
and  green. — I  dug  therefore  my  vineyard  as  deep  as  if  I  would 
put  dung  into  it,  and  cut  the  branches  into  pieces,  placing  them 
in  the  holes,  and  covering  them  with  earth.  In  a  year  I  had 
the  great  satisfaction  to  see  my  barren  vineyard  become  quite 
beautiful.  This  plan  I  continued  every  year,  and  now  my  vines 
grow  splendidly,  and  remain  the  whole  summer  green,  even  in 
the  greatest  heat.  All  my  neighbours  wonder  very  much  how 
my  vineyard  is  so  rich,  and  that  I  obtain  so  many  grapes  from 
it,  and  yet  they  all  know  that  I  have  put  no  dung  upon  it  for 
ten  years." 

193.  Although,  therefore,  it  is  probable  that  all  plants  and 
trees,  in  full  leaf,  could  grow  without  any  other  source  of  car- 
bonic acid  than  the  atmosphere,  an  additional  supply  encourages 
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tliat  productiveness,  which  it  is  the  aim  of  the  cultivator  to 
obtain  ;  and  it  is  in  the  choice  of  his  materials,  and  the  mode  of 
their  application,  that  his  skill  and  judgment  are  shown.  The 
science  of  Vegetable  Physiology  has  been  but  too  little  connected 
with  the  arts  of  the  Farmer  and  Gardener ;  and  they  have  con- 
sequently been  working  in  the  dark,  frequently  coming,  after 
tedious  and  unsuccessful  trials,  to  conclusions  which  might  have 
been  drawn  immediately  from  scientific  principles.  The  cer- 
tainty with  which  the  mode  of  operation  of  manures  upon  vege- 
tation has  been  now  ascertained,  should  lead  to  most  important 
improvements  in  practice,  by  which  the  productiveness  of  land 
may  be  much  increased. 

1 94.  Although  Carbonic  acid  and  Water  are  the  chief  sources 
of  nourishment  to  Plants,  there  is  one  element  of  great  import- 
ance to  their  active  growth, — namely  nitrogen, — which  is  not 
contained  in  either  of  these  compounds.  It  might  be  thought 
that,  as  so  large  a  quantity  of  it  exists  in  the  atmosphere,  no 
difficulty  could  exist,  in  the  introduction  of  as  great  an  amount 
of  it  as  might  be  desirable,  into  the  Vegetable  system.  But  it 
would  seem  that  none  of  the  elements,  of  which  that  system  is 
comfKwed,  can  be  introduced  into  it  in  a  simple  form.  Thus  we 
have  seen  that  the  carbon  is  derived  firom  carbonic  acid,  and  the 
oxygen  and  hydrogen  from  water  :  and  it  is  found  that  plants 
rather  increase  than  diminish  the  quantity  of  nitrogen  in  the 
atmosphere.  Nitrogen  is  introduced  in  the  form  of  amnumia^ 
the  pungent  gas  which  giv(«  strength  to  hartshorn,  smelling- 
salts,  &c.,  and  which  is  liberated  by  the  decomposition  of  almost 
all  Animal  substances,  in  which  nitrogen  very  largely  exists.  A 
great  quantity  of  this  gas  is  thus  being  constantly  set  free  and 
diffused  through  the  atmosphere ;  but  still  it  forms  so  small  a 
proportion  of  the  whole,  that  it  cannot  be  shown  to  exist  in  the 
air,  otherwise  than  in  an  indirect  manner.  Ammonia  is  very 
readily  absorbed  by  water ;  and  thus  the  rain  and  dew,  in  de- 
scending through  the  atmosphere,  become  impregnated  with  it, 
although  in  very  small  amount.  This  ingredient  can  be  proved 
to  exist  in  rain-water ;  and  thus  its  presence  in  the  atmosphere 
becomes  certain. 
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195.  The  quantity  of  AmmoniA  which  is  thus  supplied  to 
plants,  appears  sufiioient  for  tlieir  ordinary  growth.  If,  how- 
ever, plants  be  set  in  powdered  charooal,  sheltered  from  rain  or 
dew,  and  watered  with  distilled  water  (which  contains  no  am- 
monia), they  do  not  flourish  as  they  have  been  stated  otherwise 
to  do,  but  soon  become  stunted  in  their  growth.  This  fact 
proves  the  great  importance  of  the  small  amount  of  nitrogen  thus 
introduced.  There  are  many  plants,  however,  to  which  a  much 
greater  supply  of  ammonia  is  necessary,  on  account  of  the  large 
proportion  of  nitrogen,  which  enters  into  some  portions  of  their 
structure ;  and  these  can  only  be  cultivated  to  advantage,  when 
surrounded  by  additional  sources  of  this  material,  such  as  are 
afforded  by  decaying  animal  matter  of  various  kinds.  For  ex- 
ample, corn-grains  include  a  large  quantity  of  starch,  which  con- 
tains but  little  nitrogen,  with  a  certain  amount  of  gluten,  of 
which  nitrogen  forms  a  lai^e  proportion ;  the  latter  is  the  more 
nutritious  ingredient  of  the  two ;  and  it  should  be  the  object  of 
the  farmer  to  make  the  proportion  of  it  as  great  as  possible. 
This  may  be  effectually  accomplished,  by  such  Animal  manures, 
as  yield  a  large  supply  of  ammonia.  Thus,  whilst  corn  grown 
in  common  vegetable  mould  contains  about  66  parts  of  starch  in 
every  hundred,  and  only  9^  of  gluten, — that  which  bad  beep 
manured  with  blood  or  urine  was  found  to  contain  45  parts  *of 
starch,  and  35  of  gluten.  It  is  by  the  use  of  a  rich  animal 
manure  termed  ^luano,  that  the  barren  soil  on  the  coast  of  Peru 
is  rendered  fertile ;  this  guano  is  collected  from  several  islands 
in  the  South  Sea,  on  the  surface  of  which  it  forms  a  layer  of 
several  feet  in  thickness ;  and  it  consists  of  the  excrements  of 
innumerable  seanowl,  which  resort  there  during  the  breeding 
season.  It  is  sufficient  to  add  a  small  quantity  of  guano  to  a 
soil,  which  consists  only  of  sand  and  clay,  and  which  previously 
contained  not  a  particle  of  organic  matter,  in  order  to  produce 
the  richest  crop  of  maize. 

196.  Many  kinds  of  soil  have  the  power  of  absorbing  am- 
monia like  carbonic  acid,  from  the  atmosphere ;  and  thus  add  to 
the  supplies  which  the  plant  obtains  by  its  roots,  so  as  to  dimi- 
nish the  necessity  for  animal  manure.     Of  this  kind  Lb  gypsum, 
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the  utility  of  which  has  long  been  known,  although  the  cause  of 
its  beneficial  influence  was  not  suspected.  Gypsum  powerfully 
attracts  ammonia  from  the  atmosphere,  and  yields  it  again  to 
water  which  may  soak  through  it ;  so  that  as  much  ammonia,  as 
would  supply  the  proportion  of  nitrogen  to  lOOlbs.  of  grass,  is 
yielded  by  little  more  than  41bs.  of  gypsum.  The  advantage  of 
manuring  fields  witli  burned  clay,  and  the  fertility  of  soils  con- 
taining iron,  are  to  be  referred  to  the  same  cause.  Burned  clay 
has,  like  gypsum,  the  power  of  fixing  ammonia  from  the  atmo- 
sphere, and  of  easily  yielding  it  to  water;  and  minerals  containing 
oxide  of  iron  do  the  same,  when  separated  into  fine  particles. 
Powdered  charcoal  possesses  a  similar  action,  and,  indeed,  sur- 
passes all  other  substances  in  its  power  of  condensing  ammonia 
within  its  pores,  absorbing  90  times  its  volume  of  this  gas. 
Decayed  wood  approaches  very  nearly  to  charcoal  in  this  power ; 
and  vegetable  mould,  which  principally  consists  of  wood  in  a 
more  advanced  state  of  decay^  retains  it  in  a  very  important 
degree ;  so  that  we  perceive  its  influence  on  vegetation,  to  be  by 
no  means  confined  to  the  supply  of  water  and  carbonic  acid. 

197.  On  this  account,  vegetable  mould  is  alone  amply  suffi- 
cient for  the  cultivation  of  all  Plants,  which  contain  but  an  ave- 
rage proportion  of  nitrogen  ;  but  Com  can  only  be  grown  to  the 
greatest  advantage,  when  the  land  is  well  manured  with  those 
substances,  which  contain  the  largest  proportion  of  ammonia. 
Tills  is  yielded  iu  the  greatest  abundance,  by  the  excrements, 
both  fluid  and  soHd,  of  Animals,  and  particularly  of  Man ;  and 
in  China,  where,  from  the  immense  population,  it  is  necessary  to 
make  the  most  of  every  foot  of  ground,  the  greatest  care  is  taken 
to  preserve  these ;  and  extraordinary  fertility  is  the  result.  A 
similar  practice  prevails  on  some  parts  of  the  Continent  of 
Europe ;  and  it  is  less  successful,  only  because  the  mode  of  col- 
lecting the  materials  allows  of  the  escape  of  a  largo  proportion 
of  the  ammonia,  before  the  manure  is  used. 

198.  By  a  judicious  system  of  management,  large  towns  may 
thus  be  rendered  most  important  means  of  increasing  the  fertility 
of  a  country,  and  therefore  of  contributing  to  the  supply  of  whole- 
some food  ;  instead  of  bringing  together,  as  at  present,  so  many 
causes  of  misery  and  unhealtlifulness. 
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199,  The  sources  of  what  may  be  regarded  as  the  essential 
ingredieDts  of  the  food  of  Plants,  haying  now  been  fully  con- 
sidered, (the  more  fully  on  account  of  the  practical  importance 
of  the  subject,)  we  shall  inquire  into  the  influence  of  certain 
other  materials,  which  particular  kinds  require  for  their  health- 
ful growth  ;  an  increased  supply  of  which  tends  greatly  to  their 
productiveness,  and  the  influence  of  which  ought,  therefore,  to 
be  fully  considered,  in  the  tempering  of  soils,  or  the  application 
of  manures.  These  materials  consist  of  solid  particles  of  Yarious 
kinds,  which  are  contained  in  the  earthy  portion  of  the  soil,  and 
which,  being  dissolved  in  the  water,  are  taken  up  by  the  roots. 
Of  these,  some  are  imbibed  by  almost  all  plants  alike ;  whilst 
others  are  retained  only  by  particular  kinds,  so  that  they  are 
either  not  taken  up  at  all  by  plants  of  other  kinds,  or  are 
secreted  again  into  the  soil,  not  being  deposited  in  their  tissues. 

200.  There  is  considerable  variety  in  this  respect,  among  the 
different  tribes  of  Plants ;  each  seeming  to  grow  most  advan- 
tageously, when  supplied  with  a  certain  kind  of  mineral  matter, 
but  being  capable  of  taking  up  other  forms  in  place  of  it,  if  it 
should  be  deficient.  Thus  the  Rhododendron,  like  most  othei 
phmts,  deposits  in  its  leaves  and  stem  a  large  quantity  of  calca- 
reous matter  (lime  combined  with  an  acid,  usually  the  carbonic,) 
when  freely  supplied  with  it.  When  grown  in  a  calcareous  soil, 
the  ashes  of  its  leaves  have  been  found  to  contain  43^  parts  in 
100  of  carbonate  of  lime,  and  only  f  of  silex  or  flinty  matter  ; 
the  ashes  of  the  stem  of  the  same  plant  contained  39  of  calcar 
reous  earth,  and  ^  of  silex.  But  when  grown  in  a  soil  in  which 
silex  predominated,  the  leaves  of  a  similar  plant  contained  16| 
per  cent,  of  earthy  matter,  and  2  parts  of  silex;  whilst  the  stem 
contained  29  parts  of  calcareous  earth,  and  19  of  silex. 

201*  It  is  curious  to  observe  that,  whilst  calcareous  matter 
seems  principally  deposited  in  the  softer  tissues,  silex  is  found 
much  more  abundantly  in  the  stem.  This  is  especially  the  case 
in  the  Grasses,  nearly  all  of  which  require  for  their  healthy 
growth,  a  large  proportion  of  silex ;  and  this  substance  it  is, 
which,  being  deposited  in  the  slender  tissue  of  the  hollow  stem, 
imparts  to  it  a  strength,  that  seems  disproportionate  to  the 
quantity  of  matter  it  contains.     The  silex  may  be  melted  by 
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means  of  the  blowpipe  (potash  being  also  present  in  the  tissues), 
into  a  bead  of  nearly  the  same  appearance  as  glass ;  and  the  fol- 
lowing curious  instance  shows  the  same  effect  upon  a  large  scale. 
A  melted  mass  of  glassy  substance  was  found  on  a  meadow 
between  Mannheim  and  Heidelberg  in  Qermany,  after  a  thun- 
der-storm. It  was  at  first  supposed  to  be  a  meteor ;  but,  when 
chemically  examined,  it  proved  to  consist  of  silex  combined  with 
potash,  in  the  form  in  which  it  exists  in  grasses ;  and,  upon 
further  inquiry  it  was  ascertained,  that  a  stack  of  hay  had  stood 
upon  the  spot,  of  which  nothing  remained  but  the  ashes,  the 
whole  having  been  ignited  by  the  lightning. 

202.  Now  the  various  substances  which  are  thus  required 
by  plants  for  their  healthy  growth,  are  generally  contained  in 
the  soil  in  sufficient  amount,  to  supply  the  majority  of  Plants 
with  the  necessary  material ;  and  some,  when  exhausted  from 
the  soil,  may  be  supplied  again  from  the  water  of  the  district,  in 
which  they  are  dissolved.  It  is  partly  by  thui  renewing  what 
has  been  withdrawn,  that  the  irrigation  or  flooding  of  meadows 
with  water,  is  very  serviceable.  Even  where  this  water  is  of 
ordinary  purity,  containing  scarcely  any  organic  matter,  and  but 
very  little  of  mineral  ingredients,  the  irrigation  of  meadows  is 
very  serviceable  in  improving  their  productiveness.  From  three 
to  five  perfect  crops  of  grass  have  thus  been  obtained  every  year, 
by  covering  the  fields  with  river-water,  which  is  conducted  over 
it  in  spring  by  numerous  small  canals  ;  so  that  the  quantity  pro- 
duced in  all  was  more  than  four  times  that,  which  would  have 
been  obtained  from  one  not  so  watered.  In  the  neighbourhood 
of  Edinburgh,  the  stream  which  conveys  the  fluids,  collected 
from  the  sewers  of  the  town  into  the  sea,  has  been  diverted,  so 
as  to  cover  much  of  the  low  meadow  land  that  surrounds  the 
town  on  three  sides  ;  and  the  large  quantity  of  organic  as  well 
as  mineral  matter,  wliich  the  fluid  contains,  is  so  beneficial  to 
the  growth  of  grass,  that  the  previous  produce  has  been  eight  or 
ten  times  multiplied.  This  proceeding  is  very  injurious,  how- 
ever, to  the  health  of  the  town ;  since  the  offensiveness  of  the 
putrefying  matter  is  very  much  increased,  by  being  diffused 
through  a  large  quantity  of  water. 
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203.  The  soil  may  be  artificially  supplied  with  the  mineral 
substances  required  by  different  kinds  of  Plants,  as  well  as  with 
those  which  yield  carbonic  acid  or  ammonia ;  and  the  cultivator 
is  frequently  obliged  to  do  this  (though  in  general  without 
understanding  the  true  benefit  of  the  operation),  especially  when 
he  has  forced  the  growth  in  other  ways.  Thus  if  a  meadow  be 
manured  only  with  gypsum  (the  use  of  which  has  been  already 
mentioned),  the  crops  of  grass  will  be  at  first  greatly  increased, 
but  will  afterwards  diminish  ;  for  the  potash  which  the  soil  con- 
tained, is  soon  exhausted  by  the  rapid  growth  of  the  grass,  and 
its  further  increase  is  checked.  But  if  the  meadow  be  strewed 
from  time  to  time  with  wood-ashes^  which  contain  potash,  the 
grass  will  thrive  as  luxuriantly  as  before.  A  harvest  of  grain  may 
be  obtained  at  long  intervals  on  a  sandy  heath,  by  strewing  it 
with  the  ashes  of  the  heath -plants  which  grow  on  it,  and  which 
gradually  collect  the  alkalies  that  are  conveyed  to  them  by  water. 

204.  It  seeqj^s  a  remarkable  fact,  that  those  plants  of  the 
grass  tribe,  the  seeds  of  which  furnish  food  for  Man,  follow  him 
hke  the  domestic  animals.  The  reason  is,  that  none  of  the  com 
plants  can  bear  seeds  that  will  yield  a  large  quantity  of  flour, 
without  a  good  supply  of  phosphate  of  magnesia  and  ammonia* 
Hence  these  plants  grow  only  in  a  soil,  which  contains  these 
ingredients,  in  addition  to  the  silez  and  potash  already  men- 
tioned ;  and  no  soil  is  richer  in  them,  than  those  where  men  and 
animals  dwell  together ;  since  these  substances  are  largely  con- 
tained in  the  animal  body,  and  are  set  free  in  their  excretions 
daring  life,  and  by  their  general  decay  after  death.  Again,  this 
fact  explains  why  bone-earth  is  a  most  valuable  manure  to  corn- 
fields ;  since  it  consists  almost  entirely  of  these  ingredients*  The 
knowledge  of  it  will  also  guide  us  in  selecting  the  kind  of  wood, 
of  which  the  ashes  will  be  most  valuable ;  for  whilst  those  of 
the  oak  contain  but  a  minute  proportion  of  the  phosphate,  and 
those  of  the  pine  a  quantity  not  exceeding  the  sixth  part  of 
their  weight,  those  of  the  beech  yield  the  fifth  part ;  and  thus 
with  every  100  lbs.  of  the  ashes  of  the  beech,  we  supply  a  field, 
with  enough  of  these  ingredients,  to  serve  for  the  growth  of  more 
than  15,000  lbs.  of  com. 
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205.  It  should  be  the  object  of  the  agriculturist,  therefore,  to 
ascertain  the  chemical  character  of  the  earthy  portion  of  the  soil 
which  he  cultivates,  and  to  manure  it  with  such  substances,  as  he 
finds  will  supply  the  deficiency,  for  the  particular  plants  which  he 
wishes  to  grow.  There  are  some  soils,  which  contain  all  the 
ingredients  required  for  almost  any  kind  of  vegetation;  and,  when 
these  cease  to  be  productive,  all  that  is  necessary,  is  to  allow  them 
to  lie  fallow  during  a  season  or  two.  The  atmosphere  then  acts 
upon  the  mineral  particles,  and  causes  that  more  complete  separa- 
tion amongst  them,  which  is  necessary  to  prepare  them  for  being 
dissolved  in  water,  and  for  taking  up  by  the  roots  of  the  plant. 
In  this  manner  some  soils  prove  extremely  fertile,  which  scarcely 
contain  a  particle  of  vegetable  mould,  and  have  received  very 
little  animal  manure.  Thus  the  land  in  the  neighbourhood  of 
Mount  Vesuvius  contains  clayey  earths,  with  chalk  and  sand, 
mixed  in  such  a  proportion,  as  to  give  free  access  to  air  and 
moisture.  This  soil  is  produced  by  the  slow  decomposition  and 
separation, — through  the  agency  of  the  air,  and  of  the  roots  of 
a  Cactus  that  act  in  the  manner  formerly  described  (§.  108), — 
of  the  masses  of  lava  which  have  at  different  times  issued  from 
the  volcano,  and  which  contain  a  great  admixture  of  mineral 
matters,  without  a  particle  of  vegetable  mould.  Now  com  has 
been  grown  on  this  land  for  thousands  of  years,  with  scarcely 
any  manure ; — the  method  adopted  being  simply  this.  A  field 
is  sown  once  every  three  years  only;  and  is  in  the  intervals 
allowed  to  serve  as  a  sparing  pasture  for  cattle,  which  feed  on  the 
weeds  that  spontaneously  spring  up.  But  the  influence  of  the 
weather  sets  £ree  an  additional  quantity  of  the  mineral  ingre- 
dients, which  the  com  requires ;  the  amount  of  nutriment  con- 
.  tained  in  the  seed,  is  sufficient  for  the  development  of  the  young 
plants ;  and  the  soil  is  of  a  kind  extremely  favourable  to  their 
subsequent  growth. 

206.  On  the  other  hand,  the  very  fertile  land,  which  was 
found  by  the  first  settlers  in  Virginia,  has  been  exhausted  by  a 
contrary  proceeding.  Harvests  of  wheat  and  tobacco  were 
obtained  for  a  century,  from  one  and  the  same  field,  without 
the  aid  of  manure ;  but  now  whole  districts  are  converted  into- 
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unfruitful  pasture-land,  which,  without  manure,  produces  neither 
wheat  nor  tobacco.  From  every  acre  of  this  land,  there  must 
have  been  removed  in  the  space  of  one  hundred  years  at  least 
1200  lbs.  of  alkalies,  in  leaves,  grain,  and  straw;  it  became 
unfruitful,  therefore,  because  it  was  deprived  of  every  particle  of 
alkali,  that  had  been  reduced  to  a  state  capable  of  being  dis- 
solved ;  and  it  would  require  to  lie  entirely  fallow  for  a  great 
length  of  time,  to  regaui  its  fertility.  Almost  all  the  cultivated 
ground  in  Europe  is  somewhat  in  the  same  condition.  Tliat  of 
many  of  the  West  India  islands  has  been  also  exhausted,  by  the 
avarice  of  its  former  possessors;  who  have  left  it  in  a  state,  which 
renders  the  cultivation  of  Sugar  much  less  profitable  than  formerly, 
since  the  Canes  cannot  be  grown  without  a  large  quantity  of 
manure.  If  the  ashes  of  the  Canes, — which,  after  the  juice  has 
been  pressed  from  them,  are  burned,  to  heat  the  pans  for  boiling 
down  the  fluid, — were  to  be  spread  over  the  fields,  the  produc- 
tiveness of  the  land  would  probably  be  much  increased :  and  it 
would  be  much  preferable  to  give  back  to  the  soil  the  whole  solid 
matter  of  the  Canes,  which  remains  after  the  juice  has  been 
pressed  out  from  them,  together  with  the  leaves,  &c,  that  are 
stripped  from  them  during  their  growth.  Thus  all  the  consti- 
tuents of  the  tissues  of  the  plant,  which  have  been  withdrawn 
from  the  soil,  would  be  restored  to  it ;  and  as  the  Canes  would 
thus  be  made  to  manure  themselves  (like  the  Vines  already 
mentioned,  §§.  191, 192),  the  soil  would  thus  be  enabled  to  afford 
successive  crops,  without  the  aid  of  any  other  manure.  The 
sugar  would  then  be  the  only  substance  withdrawn  from  it ;  and 
this  is  probably  formed,  chiefly,  if  not  entirely,  at  the  expense  of 
carbon  and  water  derived  from  the  atmosphere. 

207.  It  is  not  always  necessary,  however,  that  a  field  should 
lie  fallow,  in  order  to  render  it  capable  of  producing  some  parti- 
cular kind  of  crop,  the  materials  of  which  had  been  exhausted ; 
for,  if  it  be  sown  with  some  vegetable  of  an  entirely  different 
kind,  a  profitable  crop  of  this  may  be  raised,  whilst  the  land  is 
renewing  itself  for  the  other.  The  power  of  doing  this  depends 
upon  the  nature  of  the  ingredient  which  is  deficient.  It  has  been 
formerly  shown,  that  it  is  not  the  vegetable  portion  of  the  soil. 
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which  is  exhausted  hj  the  continued  growth  of  any  race  of  plants 
in  the  same  spot,  this  being  usually  rather  increased  than 
diminislied ;  and  therefore  any  plants,  which  require  no  other 
nutriment  than  this,  may  be  made  to  grow  in  a  soil,  which  wheat, 
or  some  other  plant  that  takes  up  a  large  poHion  of  some  parti- 
cular kind  of  mineral  matter,  had  completely  exhausted.  Such 
is  the  case,  for  example,  with  many  of  the  Leguminoui  plants 
(the  tribe  including  the  Pea,  Bean,  Clover,  and  other  similar 
▼egetables),  which  absorb  so  little  mineral  matter,  that  they  may 
be  grown  between  two  crops  of  com,  with  nearly  the  same 
advantage  for  the  latter,  as  if  the  land  had  lain  fallow  between. 
Hence  these  are  called  fallow  crops.  On  the  other  hand,  the 
injurious  properties  of  many  weeds  that  are  apt  to  show  them- 
selves  in  corn-fields,  result  from  their  imbibing  a  large  quantity 
of  the  same  ingredients,  as  those  which  the  com  requires ;  so  that, 
in  proportion  to  the  vigour  of  their  growth,  that  of  the  com  must 
decrease.  Hence  it  not  only  conduces  to  the  neatness  in  the 
appearance  of  a  corn-field,  but  also  to  its  productiveness,  to  keep 
it  firee  from  weeds. 

208.  Now  the  principle  that  a  succession  of  different  crops 
may  be  grown,  where  <me  could  not  be  repeated  without  occa- 
sional intervals,  has  gradually  superseded  the  old  system  of 
allowing  the  land  to  lie  for  a  season,  out  of  every  three  or  four, 
entirely  unproductive;  so  that  the  quantity  of  vegetable  sub- 
stances, nutritious  either  to  man  or  beast,  which  is  now  raised 
from  a  given  quantity  of  land,  is  much  greater  than  formerly. 
This  principle  has  been  fully  established  by  experience  ;  but  it 
is  still  acted  on  to  a  very  limited  degree,  because  its  conditions 
are  not  yet  fully  understood.  If  there  were  nothing  else  to  be 
considered,  than  the  kind  of  mineral  substance  which  each  plant 
draws  from  the  soil,  it  would  not  be  difficult  to  say,  what  crops 
might  succeed  each  other  most  advantageously,  since  it  would  be 
only  necessary  to  find  out  the  mineral  ingredients  which  each 
requires,  and  to  make  those  succeed  each  other,  which  draw  least 
of  the  same.  But  there  is  another  very  important  condition  to 
be  attended  to. 

209.  Plants,  as  afready  stated  (§.  119),  not  only  draw 
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Tarious  substances  from  the  soil,  but  impart  to  it  a  portion  of  tbe 
juices,  which  they  have  formed  within  themselves.  A  well- 
marked  instance  of  this  is  the  Oak ;  which  so  completely  im- 
pregnates the  soil  around  its  roots  with  ttmnin  (the  substance 
which  gives  to  oak-bark  its  peculiar  power  of  converting  animal 
skin  into  leather),  that  few  trees  will  grow  in  the  spot  from 
which  it  has  been  rooted  up ;  since  this  agent,  even  when  a  very 
minute  quantity  of  it  is  dissolved  in  water,  produces  an  effect 
like  tanning  upon  the  delicate  tissue  of  the  spongioles,  and 
destroys  their  peculiar  properties*  It  is  probable  that  every 
species  of  forest-tree  produces  a  similar  effect ;  since  it  is  well 
known  that,  when  a  wood  composed  of  one  kind  has  been  cleared 
by  the  hatchet  or  by  fire,  the  new  growth  which  soon  springs 
up,  is  not  of  the  same,  but  of  a  different  species.  Again,  some 
of  the  plants  which  are  known  as  the  rankest  weeds,  secrete 
from  their  roots  substances  equally  injurious  to  plants  around 
them ;  thus  the  Poppy  tribe  impregnates  the  soil  around  with  a 
substance  analogous  to  Opium,  which  is  easily  shown  by  expe- 
riments, to  have  as  injurious  an  effect  upon  Plants,  as  an  over- 
dose of  this  powerful  medicine  has  upon  Animals ;  and  the 
Spurge  tribe  exudes  an  acrid  resinous  matter. 

210.  The  Excretions  of  all  Plants  seem  injurious  to  them- 
selves, as  well  as  to  others  of  the  same  species  grown  in  the 
same  spot ;  and  in  many  instances,  as  in  those  just  quoted,  they 
are  injurious  to  plants  of  other  tribes  also.  But  there  are  many 
instances,  in  which  they  are  absolutely  beneficial  to  plants  of  dis- 
tinct tribes.  Thus  most  of  the  Leguminous  tribe  exude  from 
their  roots  a  matter  analogous  to  gum  ;  as  may  be  easily  shown, 
by  growing  a  pea  or  bean  in  water,  which  soon  becomes  turbid ; 
and  this  product  is  beneficial  to  plants  of  almost  every  other 
tribe.  Hence,  therefore,  the  benefit  which  the  farmer  derives, 
from  taking  off  a  crop  of  beans  between  two  crops  of  com,  is  not 
restricted  to  the  value  of  the  former ;  since  the  succeeding  crop  of 
com  is  absolutely  improved  by  this  proceeding.  And,  on  the 
other  hand,  the  exhaustion  of  the  soil  by  rank-growing  weeds 
is  not  their  only  evil ;  since  they  impart  to  it  some  of  their  owa 
injurious  properties. 
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211.  Now,  by  following  out  this  system,  and  ascertaining 
what  Plants  form  the  most  abundant,  and  at  the  same  time  the 
most  nntritious  excretions,  and  what  are  the  others  which  are 
most  benefited  by  these, — ^keeping  in  view,  also,  the  nature  of 
the  mineral  ingredients  they  may  respectively  require,  the  agri- 
culturist may  hereafter  be  able  to  dispense  almost  entirely  with 
artificial  manure,  as  he  has  already  done  with  the  fallowing 
system ; — for  he  will  only  have  to  adapt  his  rotation  to  the  par- 
ticular soil,  and  then  the  excretions  of  one  plant  will  serve  as  a 
manure  to  the  other.  Among  the  most  useful  for  this  purpose 
may  be  mentioned  Lucem,  which  is  remarkable  for  the  extensive 
ramification  of  its  roots,  and  the  strong  development  of  its  leaves, 
and  which  requires  but  a  small  proportion  of  inorganic  matter. 
This  plant  produces  an  abundant  secretion  from  its  roots,  which, 
in  the  course  of  several  years  adds  considerably  to  the  quantity 
of  vegetable  matter  in  the  soil,  whilst  its  leaves  serve  as  nntri- 
tious food  for  cattle. 

212.  The  subject  of  the  foregoing  Chapter  has  been  treated 
in  more  detail  than  may  seem  consistent  with  the  plan  of  this 
work ;  because  it  is,  of  all  departments  of  Vegetable  Physiology, 
ilie  one  of  most  importance  to  the  well-being  of  Man.  It  can 
scarcely  be  doubted  that,  by  improvements  in  the  art  of  Agri- 
culture, the  quantity  of  food  for  man  and  beast  produced  in  this 
country,  and  the  amount  of  those  valuable  articles  which  are 
cultivated  in  the  various  colonies  of  Great  Britain,  may  be 
greatly  increased.  But  these  improvements  cannot  be  carried 
into  advantageous  operation,  until  correct  ideas  on  the  subject 
have  been  generally  diffused  among  those,  who  are  concerned  in 
the  work  ;  for,  unless  the  principlei  on  which  they  are  founded 
are  properly  understood,  it  is  more  than  probable,  that  loss 
instead  of  gain  will  result,  from  the  attempt  to  introduce  them. 

213.  These  principles  may  be  thus  recapitulated. 

I.  The  soil  should  be  of  such  a  character  as  to  afford  a  steady 
supply  of  moisture  to  the  roots,  and  to  allow  the  air  to  penetrate 
it  freely ;  if  it  does  not  possess  these  requisites,  it  should  be  im- 
proved by  tempering  (§.  176 — 8). 

II.  In  order  to  produce  that  luxuriant  growth  of  plants  which 
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the  agriculturist  desires,  the  soil  should  afford  a  supply  of  carbonic 
acid  to  the  roots,  either  hy  the  decomposition  of  vegetable  mould, 
or  by  absorbing  the  gas  from  the  atmosphere.  Its  fertility  may 
be  increased  by  the  addition  of  Tegetable  substances  disposed  to 
decay ;  or  by  mixing  it  with  charcoal,  gypsum,  or  some  other 
substance,  which  possesses  in  a  high  degree  the  property  of 
absorbing  carbonic  acid  from  the  atmosphere  (§.  179 — 193). 

III.  In  order  to  effect  the  same  object,  the  soil  should  be 
capable  of  affording  a  supply  of  ammania  to  the  roots,  either  by 
the  decomposition  of  animal  matter  contained  in  it,  or  by  attract- 
ing that  gas  from  the  atmosphere.  The  proper  supply  of  this 
important  article  of  food  may  be  secured,  either  by  the  employ- 
ment of  some  animal  manure  which  liberates  it  freely,  or  by  the 
admixture  of  some  substance  (such  as  gypsum  or  cliarooal)  which 
absorbs  it  rapidly  from  the  atmosphere.  The  first  method  is 
most  desirable,  when  the  vegetable  substances,  which  it  is  re- 
quired to  obtain  in  the  greatest  quantity,  contun  much  ammonia ; 
as  do  the  seeds  of  com  (§.  194 — 8). 

lY.  In  order  to  promote  the  luxuriant  growth  of  any  tribe 
of  plants,  the  soil  should  be  supplied  with  those  mineral  ingre- 
dients, which  its  tissues  naturally  contain.  If  these  are  origin- 
ally deficient,  they  must  be  added ;  if  they  are  contained  in  the 
soil,  but  have  been  for  a  time  exhausted,  the  land  should  be 
allowed  to  lie  fallow,  until  the  action  of  the  weather  has  further 
separated  the  mineral  particles  (§.  199 — ^206). 

y.  The  soil  may  be  improved  nearly  as  much  by  a  crop 
of  a  different  kind,  as  by  lying  fallow ;  provided  that  crop  do 
not  exhaust  it  of  the  same  mineral  ingredient  with  the  one 
it  replaces,  and  furnish  excretions  which  are  beneficial  to  it 
(§.  207--211). 
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OP  THE  STRUCTURE  OF  LEAVES. 

^14.  The  fluid  which  is  so  abundantly  taken  up  by  the  Roots 
ef  plants,  and  which  is  conveyed  upwards  along  the  interior  of 
the  Stem,  is  very  unfit  for  the  nourishment  of  the  structure,  and 
for  the  supply  of  the  growing  parts,  until  it  has  been  exposed  to 
the  iaflnence  of  the  air,  by  which  great  changes  are  effected  in 
lis  properties.  Now  this  object  has  to  be  attained  in  Animals, 
as  well  as  in  Plants ;  and  we  observe  two  modes  of  effecting  it. 
In  some  Animals,  the  blood  is  sent  into  very  delicate  external 
prolongations  of  the  skin,  termed  ^ills  ;  through  the  thin  mem- 
brane df  which,  it  may  receive  the  required  influence.  And, 
although  we  usually  see  an  apparatus  of  this  kind,  existing  only 
in  animals  which  inhabit  the  water  (the  air  diffused  through 
whicli  is  really  that  which  acts  on  the  blood),  yet  it  is  seen  in 
some  air-breathing  animals  also.  The  usual  mode,  however,  in 
which  the  blood  is  exposed  to  the  influence  of  the  atmosphere,  in 
animals  living  on  land,  is  by  the  introduction  of  air  into  cavities 
termed  lung$  withiu  the  body,  constituting  the  process  known  as 
rttpiratian  or  hreathing ;  but  this  requires  a  series  of  movements, 
for  the  constant  exchange  of  the  air  so  introduced ;  in  order  that 
the  portions  rendered  unfit  for  further  use,  by  the  changes  that 
take  place  in  it,  may  be  expelled,  and  a  fresh  supply  admitted. 
A  little  consideration  will  show,  that  to  have  introduced  water 
in  a  similar  manner,  into  the  interior  of  the  bodies  of  those  ani- 
mals which  inhabit  it,  would  require  an  immense  amount  of 
force,  since  water  is  so  much  less  easily  moved  than  air ;  whilst, 
ua  the  other  hand,  to  have  furnished  air-breathing  animals  with 
external  gills  or  other  similar  appendages,  would  have  exposed 
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them  to  great  risk  of  injury,  would  have  impeded  their  rapid 
moyements,  and  would  have  been  attended  with  many  inconve- 
uienoes. 

315.  Now  in  Vegetables,  the  same  object  is  to  be  attained  ; 
but  under  diflferent  conditions.  9he  nutritious  fluid  of  the  Plant, 
like  the  blood  of  animals,  needs  to  be  exposed  to  the  influence  of 
the  air,  to  preserve  its  power  of  maintaining  life ;  and  this  cannot 
be  cfiected,  either  by  the  underground  roots,  or  by  the  hard 
woody  stems  and  branches,  which  expose  so  small  an  amount  of 
surface  to  the  atmosphere.  Nor  can  this  be  effected,  by  the  intro« 
duotion  of  air  into  internal  cavities  in  these  parts ;  since  this  would 
require  a  continued  series  of  movements,  as  in  air-breathing- 
animals,  which  the  Plant  has  no  means  of  performing.  Again,  as  the 
Plant  is  rooted  in  the  earth,  and  is  not  adapted  to  move  through 
the  atmosphere,  there  is  no  reason  why  its  surface  should  not  be 
spread  out  to  any  extent,  for  the  purpose  of  exposing  the  sap  to 
the  influence  of  the  air ;  just  as  the  blood  is  exposed  in  the  gills 
of  fishes  and  other  aquatic  animals,  to  the  small  quantity  of  it 
contained  in  the  water  they  inhabit.  Further,  a  very  essential 
condition  of  the  changes,  which  the  sap  undergoes  by  toming 
into  contact  with  air,  is  the  influence  of  %A< ;  without  which 
they  would  be  very  imperfectly  performed. 

216.  This  general  view  of  what  is  required  firom  the  Leavety 
will  suflice  to  show,  how  beautifully  their  structure  and  situation 
are  adapted  to  the  offices  they  have  to  perform.  The  leaf  may 
be  said  to  consist  essentially,  of  an  extension  of  the  skin  or  cuticle 
of  the  Plant,  into  a  flat  expanded  surfeuse ;  which  is  supported  by 
a  skeleton,  prolonged  from  the  wood  of  the  stem  or  branch.  If 
any  leaf  be  but  cursorily  examined,  it  will  be  seen  that  from  each 
surface  a  sort  of  skin  may  be  torn,  which  may  sometimes  be 
stripped  off  very  cleanly  from  the  tissue  beneath ; — ^the  space 
between  these  surfaces  being  occupied  by  soft  green  tissue,  which 
the  naked  eye  can  often  perceive  to  C4>nsist  of  separate  partides 
loosely  united,  and  which  is  seen  with  the  magnifying-glass  to 
be  composed  of  dbtinct  cells,  usually  more  closely  packed  toge- 
ther near  the  upper  surface  than  near  the  lower,  where  there  are 
many  cavities  or  interspaces  among  them. 
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217.  The  cuticle  of  the  leaves  is  furnished  more  abundantly 
than  those  of  any  other  parts,  with  ttomala  (§.  91),  by  which 
watery  vapour  and  gases  can  pass  out,  and  air  can  enter ;  but 
these  are  chiefly,  and  often  entirely,  confined  to  the  lower  surface. 
The  woody  skeleton  of  the  leaf  forms  what  is  commonly  known 
as  the  midriby  and  the  veins  proceeding  from  it.  These  vein$  or 
nerves  (as  they  are  commonly  termed)  must  not  be  confounded 
with  similar  parts  in  animals,  since  they  do  not  in  the  least 
resemble  them.  They  are  principally  composed  of  woody  fibre, 
and  of  spiral  vessels  and  ducts;  and  they  proceed  from  the 
neighbouring  stem  or  branch,  constituting  the  greater  part  of 
the  Jbotstalk  or  petiole  of  the  leaf,  from  which  they  afterwards 
spread  out. 

218.  This  general  account  of  the  structure  of  the  leaves  of 
Flowering-plants,  will  suffice  to  enable  us  to  compare  them 
with  the  corresponding  parts  in  Cryptogamia.  It  also  enables 
us  to  see  how  beautifully  they  are  adapted, — by  the  immense 
amount  of  surface  they  present, — ^by  its  thinness  and  delicacy, — 
by  its  numerous  apertures, — and  by  its  expansion  to  the  light 
of  day,  for  the  purpose  they  have  to  perform  ; — the  exposure 
of  the  crude  sap  to  the  air  and  sun,  under  the  influence  of 
which,  it  is  elaborated  or  digested,  so  as  to  become  a  highly- 
nutritious  fluid. 

219.  There  are  few  Flowering-plants,  in  which  the  stem  and 
branches  are  not,  at  some  part  of  the  year,  clothed  with  these 
beautiful  appendages ;  and  the  exceptions  are  chiefly  in  those 
forms — unknown  as  natives  of  temperate  climates,  but  common 
in  tropical  regions, — ^in  which  the  stem  itself  is  so  altered  in 
structure,  as  to  be  able  to  perform  the  functions  of  leaves.  Most 
of  these  are  included  under  the  designation  of  Cadus  or  Prickly- 
Pear  tribe.  Their  stems,  instead  of  being  firm  and  woody,  are 
comparatively  soft  and  fleshy ;  their  substance  is  moist,  and  com- 
posed almost  entirely  of  cellular  tissue ;  their  surfaces  are  green, 
and  covered  with  a  distinct  cuticle,  which  is  furnished  with 
stomata ;  and  their  form  is  often  flattened,  so  as  to  expose,  like 
leaves,  a  large  surface  to  the  air.  It  is  interesting  to  observe, 
how  completely  the  deficiency  of  one  organ  is  here  supplied  by 
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a  modification  of  another.  In  almost  all  the  plants  of  this  trihe, 
there  are  tnfls  of  prickles  arising  from  regular  points  on  the 
surface  of  the  stem ;  and  to  these,  the  common  designation  of  the 
trihe  is  owing.  It  will  be  hereafter  shown,  that  these  prickles 
are  the  rudifnenU  of  leaves;  and  that,  under  circumstances  dif- 
ferent from  those  in  which  the  plant  naturally  grows,  minute 
leaves  will  arise  from  these  very  points. 

220.     A  conformation  somewhat  similar  may  be  observed  in 
some  plants  of  our  own  country ;  thus  in  the  common  Butchers' 

Broom  (Rmeus  aeuleatus)^  the 
branches  are  flattened  into  a  leaf- 
like form,  and  the  flowers  arise 
from  the  middle  of  their  surface. 
In  another  foreign  genus,  Xyla- 
phylloy  they  are  placed  around  the 
edges  of  similar  organs. 

22 1 .  There  are,  however,  some 
flowering-plants  of  temperate  cli- 
mates, which  are  destitute  not  only 
of  leaves,  but  of  leaf -like  surfaces. 
These  grow  by  imbibing  the  juices 
of  other  more  perfect  plants ;  just 
Fio.  5fl.-j,  i^F  im  BRAircBn  ow  gg  parasitic  animals  obtain  their 

BurcRBR  8  Broom,  bearing  flowen  to* 

their  centre ;  ^Xyloph7lU.  food,     by    SUCkmg    the    blood     of 

others.  And  as  the  juices  that  afibrd  them  support,  have  already 
been  elaborated  or  digested  by  the  plant  frt)m  which  they  draw 
them,  they  have  no  need  of  leaves  or  any  similar  apparatus  for 
the  purpose.  Of  this  kind  are  the  Orobanche,  or  hroom^rape^ 
and  the  Cmcuta,  or  dodder.  Their  branching  roots  are  furnished 
with  suckers,  by  which  they  affix  themselves  on  the  bark  of  the 
plants,  round  which  they  cling,  and  through  which  they  imbibe 
their  juices.     (See  §§.  343,  344). 

222.  Although  there  are  few  instances,  then,  in  which  leaves 
are  absent  in  Flowering-plants,  they  are  comparatively  seldom 
found  in  Cr3rptogamia.  In  Ferns  we  always  meet  with  them  ; 
and  their  general  structure  is  much  the  same  as  that,  which  will 
be  described  as  characteristic  of  leaves  in  general.     But,  in 
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addition  to  their  other  fonctioiis,  the  leaves  of  Ferns  very  oom- 
monlj  bear  the  fructification  upon  their  under  surface ;  and  hence 
the  ikxmejrand  has  been  given  to  them,  for  the  purpose  of  dis- 
tinguishing them  from  the  leaves  of  the  Phanerogamia,  in  which 
iAkey  never  bear  a  part  in  the  production  of  seed.  In  some  of 
^  the  Ferns,  as  the  Otmunda  regaUi^  or  Flowering-Fern  (as  it  has 
been  incorrectly  called),  a  handsome  and  well-known  species 
common  in  some  parts  of  England,  the  fructification  is  only  borne 
on  the  edges  of  particular  leaves,  which  are  much  less  expanded 
than  the  rest;  these  aro,  therefore,  c^SledifertUe fronds;  whilst 
the  other  leaves,  which  here  altogether  resemble  those  of  Flow- 
ering-plants in  function,  are  called  iteriU  frond».  In  Mosses, 
we  observe  a  large  number  of  minute  and  delicate  leaflets, 
having  no  concern  in  the  fructification,  which  is  entirely  dis- 
tinct ;  but  they  have  not  those  peculiarities  of  structure  which 
distinguish  the  leaves  of  higher  plants,  being  destitute  of  a 
woody  skeleton  and  of  stomata;  and  they  seem  to  have  a 
greater  mixture  of  function,  since  they  not  unfrequently  send 
out  root-fibres  from  thw  under  surfaces,  for  the  purpose  of 
absorption. 

223.  We  observe  in  the  lower  and  simpler  tribes,  as  has  been 
heretof<Nre  shown,  a  much  greater  blending  of  different  functions, 
than  in  the  higher ;  which  last  possess  a  special  organ  for  each, 
and  in  which  they  are  consequently  performed  in  a  more  energetio 
mannw .  Thus,  when  we  descend  below  the  Mosses,  we  find  no 
distinct  leaves; — they  become,  as  it  were,  blended  with  the 
general  surfiice ;  and  all  theur  functions  are  performed  (as  in  the 
Caetut  tribe)  by  this.  Such,  it  will  be  remembered,  is  the  case 
in  the  Liverworts  (§.  32) ;  and  also  in  the  Lichens  and  Alojb, 
in  many  of  which,  however,  we  notice  a  flat  expanded  surface, 
by  which  the  functions  of  leaves  may  be  in  some  degree  per- 
formed. This  expanded  surface  is  often  of  great  exteut  in  the 
AlgsB,  and  possesses  a  very  leaf-like  aspect ;  but,  as  already 
stated,  it  does  not  perform  the  functions  of  leaves  alone,  but  is 
everywhere  equally  adapted  for  absorbing  the  fluid  that  consti- 
tutes its  nourishment,  and  in  many  instances  contains  the  firucti- 
fication  also  imbedded  in  its  substance  (§.  41). 
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224.  The  case  is  different,  howeyer,  in  regard  to  the  FuifQi. 
These  plants  derive  their  nourishment  from  matter,  which  has 
abready  been  in  a  state  of  organisation ;  and  the  condition  in 
which  they  receive  it  is  snoh,  that  it  does  not  require  to  be  ela- 
borated by  exposure  to  the  atmosphere,  as  it  does  in  all  other  but 
the  parasitic  plants  already  mentioned,  which  much  resemble  the 
Fungi  in  habit.  Accordingly  the  Fungi,  the  whole  energy  of 
whose  vegetation  seems  to  be  concentrated  upon  the  propagation 
of  the  race,  do  not  possess  anything  analogous  to  leaves ;  and 
seldom  exhibit  even  such  an  expanded  surfiaooy  as  may  be  consi- 
dered to  replace  them.  It  is  very  rare,  too,  that  this  surfiioe  is 
green ;  and,  as  will  be  hereafter  shown  (§.  286),  this  green 
colour  in  leaves  is  due  to  certain  changes,  which,  from  the  con- 
dition of  the  growth  just  mentioned,  the  Fungi  do  not  need  to 
perform. 

225.  We  now  return  to  the  leaves  <^  Flowering  plants; 
and  shall  trace  in  more  detail  their  regular  structure,  the  chief 
varieties  of  this,  and  the  functions  which  they  are  destined  to 
perform.  And  in  the  first  place  we  shall  consider  their  external 
aspect 

226.  The  leaf  is  usually  borne  upon  a  peiioU  or  foot-stalk; 
which  connects  it  with  the  stem ;  and  it  is  at  the  bottom  of  the 
petiole,  that  the  separation  fi^m  the  stem  takes  place,  when  the 
leaf  falls  off.  By  this  it  may  be  known  what  is  really  a  single 
leaf,  and  what  is  a  collection  of  separate  leaves.  Not  unfre- 
qnently  a  leaf  is  very  compound  in  its  structure,  consisting  of  a 
number  of  distinct  leaflets,  which  might  be  regarded  as  so  many 
leaves.  But  if  these  leaflets  all  proceed  frt>m  one  foot-stalk,  and 
this  drops  off  altogether  at  the  accustomed  period,  they  are  to  be 
considered  as  only  the  subordinate  p)urts  of  a  single  leaf.  Many 
such  instances  might  be  enumerated ;  but  it  will  suffice  at  present 
to  refer  to  the  Ferns  (§.  23),  in  which  what  appears  to  be  the 
stem  is  really  but  a  leaf-stalk ;  and  what  seem  to  be  leaves 
are  only  leaflets  proceeding  from  it,  and  forming  part  of  one 
large  leaf. 

227.  There  is  not  always  such  a  definite  distinction  between 
the  flat  expanded  blade  and  the  round  and  slender  petide,  as, 
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from  what  we  obflerve  in  oommon  plants,  we  might  suppose  to  be 
the  case.  The  petiole  is  sometimes  expanded  into  a  leafy  sur-. 
fiftce,  and  may  even  perform  all  the  functions  of  the  true  leaves, 
when  the  latter  are  deficient.  Thus  in  a  British  aquatic  plant, 
known  by  the  name  of  Arrow-head  (technically  Sagittaria  soffit- 
tifblia)  which  is  common  in  running  streams,  we  observe  what 
appear  to  be  two  kinds  of  leaves ;  .^ 

some  elevated  above  the  surface,  M&l 

and  formed  like  the  head  of  an  /VPi 

arrow  (whence  the  name  of  the  ^^^lt\yi§i 

plant);  and  others  flattened,  of  u    \{i^i 

equal  breadth  throughout  (tech-  ^t^^^^SPiW  wEt*^ 
nically  termed  ligulate  or  strap-  §  -^  »     w^\ 

shaped),  and  not  appearing  above  r    \  Ww  Jf       -^ 

the  water.     These    last    are   in  Itllff        '^ 

reality    the    flattened     petioles,  HiV 

which  perform   the  functions  of  ^^^^^^HPl 

leaves,  as  long  as  they  remain  ~^*^b^^^K-1^ 

under  water;  but  M  soon  m  any  J^,*).^" rw'llj*".^^^*' ^ 

of  them  have  Strenirth  to  elevate  ^^^  beneath  the  water,  and  true 
...  ..        1  ..  „  loeTe§  above. 

their  summits  above  its  surface, 

true  leaves  are  developed  from  them,  and  tho  petiole  then  con- 
tracts into  a  rounded  form. 

228.  A  corresponding  structure  .is  exhibited  by  some  of  tlie 
Acacias  of  New  Holland ;  which  are  sometimes  so  completely 
destitute  of  true  leaves,  as  to  be  termed  ^'  leafless."  When  this 
is  the  case,  the  petioles  are  flattened  and  expanded,  and  present  a 
leaf-like  surface,  which  is  adapted  to  perform  the  functions  of  the 
true  leaves ;  from  these  they  differ,  however,  in  having  the  two 
surfaces  alike,  and  in  their  expansion  being  vertical,  instead  of 
horizontal.  The  true  leaves  (which,  like  those  of  other  Acacias, 
are  very  compound  in  their  character,  see  Fig.  6\ ,)  are  only  to  be 
found  in  young  plants,  or  in  old  ones  which  have  been  freely 
pruned ;  and  it  is  not  qnoommon  to  find  many  degrees  of  deve- 
lopment, intermediate  between  those  which  exhibit  the  fully  ex- 
panded leaf  v^ith  its  narrow  and  cylindrical  petiole,  and  those 
which  have  no  vestige  of  the  blade,  and  present  nothing  but 
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the  leafy  foot-stalk.     In  all  these,    the  amount  of  expansion 
of  the  petiole  bears  a  precisely  inverse  proportion  to  that  of  the 
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leaf;  the  former  replacing  the  latter,  when  it  is  unfit  to  perfonn 
its  functions. 

229.  The  blade  of  the  leaf  is  composed  of  the  expanded  veins 
or  nerves  proceeding  from  the  petiole,  the  interstices  between 
which  are  filled  up  with  cellular  tissue,,  and  the  whole  covered 
with  cuticle.  The  mode  in  which  these  veins  are  distributed 
is  very  characteristic  of  the  principal  divisions  of  the  vegetable 
kingdom.  Thus^  in  the  CRYPTooAmA,  wherever  true  woody  veinitf 
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exist  in  the  leaves  (which  is  scarcely  the  case  in  any  but  the  Ferns,) 
they  are  seen  to  divide  and  subdivide, — each  usually  bifurcating, 
or  splittbg  into  two  branches  like  the  prongs  of  a  fork,  at  inter- 
vals;— and  in  general,  these  subdivisions  do  not  unite  again. 
Hence,  as  regards  their  leaves,  the  Ciyptogamia  may  be  charac- 
terised as  forked-veined. 

230.  In  the  group  of  Endogens  it  may  be  observed,  that  the 
veins  run  in  a  nearly  straight  direction,  and  almost  parallel  to 
each  other ;  and  that  they  have  but  little  connection,  by  the  in- 
terlacement of  their  minor  subdivisions.  The  arrangement  of 
these  veins,  however,  differs  according  to  the  general  form  of  the 
leaf.  Thus,  in  the  long  narrow  leaves  of  the  Grasses,  and  of 
other  Endogens,  such  as  the  Lily,  Iris,  &c.,  the  foot-stalk  is  not 


Fm.  Oh-Eiiinwsvoiib  Lbat. 

continued  along  the  leaf  as  a  great  central  vein  or  midrih^  but 
divides  at  once  into  several  veins,  which  run  along  side  by  side, 
from  one  e  '1  of  the  leaf  to  the  other ;  and  as  there  is  very  little 
connection  between  these  different  veins,  the  leaf  may  be  readily 
.and  very  straightly  torn,  from  one  end  to  the  other.  In  other 
cases,  however,  the  leaf  is  broader,  and  the  parallel  veins  are  sent 
off  from  a  large  central  midrib,  running  in  the  direction  of  the 
breadth  of  the  leaf.  As  these,  too,  are  but  little  connected  with 
each  other,  it  is  easy  to  tear  one  of  these  expanded  leaves  into  a 
number  of  nanrow  ribands,  which  vnll  then  hang  from  the 
midrib ;  and  something  resembling  a  compound  leaf  wiU  thus  be 
produced.     As  each  of  these  ribands  will  have  its  own  vein 
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uniting  it  with  the  midrib,  and  is  in  its  natural  stato  scarcely 
connected  with  the  surrounding  parts,  except  by  the  cuticle  which 
envelopes  the  whole,  the  leaf  will  perform  its  functions  nearly  as 
well  when  thus  subdivided,  as  when  entire. 

281.  It  is  curious  that  such  a  separation  should  sometimes 
take  place  under  the  influence  of  natural  causes.  The  Banana 
and  Plantain  of  tropical  climates,  have  leaves  of  this  kind  ;  and 
when  they  grow  in  situations,  in  which  they  are  much  exposed 
to  the  wind,  its  action  splits  them  up  in  this  manner,  from  which 
they  do  not  appear  to  suffer.  These  plants  ate  sometimes  grown 
in  hot-houses  in  Elngland ;  and  then,  being  completely  sheltered, 
the  expansion  of  their  leaves  is  preserved  entire,  which  seldom 
happens  in  thev  native  localities. — In  whichever  direction  the 
veins  are  arranged,  the  general  character  of  the  leaf  is  the  same ; 
and  hence  the  leaves  of  Endogens  are  spoken  of  BsparaUel' 
veined^  by  which  character  they  are  distinguished,  with  but  few 
exceptions,  from  those  of  the  Cryptogamia  on  one  hand,  and,  as 
will  presently  appear,  from  those  of  Exogens  on  the  other. 

232.  The  form  and  mode  of  subdivision  of  the  system  of 
veins  in  Exogenic  are  extremely  irregular ;  but  there  is  a  cha- 
racter common  to  all,  by  which  the  leaves  of  this  group  may 
be  distinguished,  without  much  difficulty,  from  those  of  the 


others.  Tliere  is  usually  a  midrib,  or  prolongation  of  the  foot- 
stalk along  the  centre  of  the  leaf,  from  which  the  smaller  veins 
arise  ;  but  sometimes  the  petiole  subdivides  at  once  into  several 
subordinate  veins,  which  run  fr^m  one  extremity  of  the  leaf  to 
the  other,  nearly  parallel  with  each  other,  as  in  Endogens.    But 
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the  seoondary  yeins  of  Exogens,  howeyer  they  may  be  disposed, 
always  give  off  a  vast  number  of  minute  branches,  which  ramify 
and  unite  with  each  other,  so  as  to  form  a  complete  network ; 
and  thus  it  is,  that  the  leaf  of  an  Exogen  can  seldom  be  torn 
with  any  regular  edge.  From  this  character,  the  Exogens 
may  be  described  by  their  leaves,  as  retietdated-trined; — ^the 
veins  forming  a  reticulum^  or  minute  net-work. 

233.  It  is  in  these  that  we  can  make  the  most  beautiful 
skeletons,  by  removing  the  soft  fleshy  portion  of  the  leaves,  and 
preserving  only  the  woody  structure.  Such  skeletons  may  often 
be  found  in  the  autumn,  when  the  fallen  leaves  have  been 
exposed  to  the  influence  of  moisture  for  some  time ;  and  with 
slight  care,  they  may  be  made  to  exhibit  a  very  beautiful 
appearance.  They  may  easily  be  prepared,  by  soaking  in  water 
a  leaf  possessed  of  firm  texture,  until  its  softer  portion  be  in  a 
state  of  decay ;  if  then  the  latter  be  washed  away,  by  carefully 
directing  a  small  stream  of  water  against  it,  the  skeleton  will 
be  left.  Not  only  do  leaves  contain  such  a  skeleton ;  but  the 
leafy  parts  of  flowers ;  and  even  the  ikim  of  such  soft  fruits  as 
the  cherry. 

234.  Now,  with  the  same  distribution  of  the  veins  of  the 
leaf^  many  curious  varieties  of  structure  may  be  produced,  by  a 
difference  in  the  degree  in  which  the  space  between  them  is  filled 
up.  One  of  the  simplest  of  these,  is  where  holes  are  left  in  the 
blade  of  the  leaf,  in  consequence  of  a  deficiency  of  the  fleshy 
portion.  Some  plants  are  particularly  liable  to  this  irregularity; 
which  does  not  exist,  however,  where  they  are  well  supplied 
with  nourishment.  A  similar,  but  much  more  curious  variety 
exists  in  an  aquatic  plant  of  Madagascar ;  in  which  the  fleshy 
cellular  tissue,  or  parenehymoy  is  so  little  developed  between  the 
veins,  that  the  living  leaf  much  resembles  in  its  form  one  of  the 
skeletons  just  described. 

235.  It  is  by  no  means  uncommon,  to  see  the  edges  of  leaves 
more  or  less  deeply  indented,  according  to  the  amount  of  nutri- 
ment which  the  plant  is  receiving;  the  distribution  of  the  veins, 
and  the  general  outline  of  the  leaf,  remaining  the  same  through- 
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out.     Thus  the  CoeUeariOy  or  Horse-radish,  has  the  edges  of 

its  leaves  nearly  smooth, 
when  growing  in  a  suffi- 
ciently rich  soil;  but  if 
starved,  the  blade  will  be 
divided  into  separate 
strips  like  the  teeth  of  a 
comb,  firom  the  deficiency 
of  flesh  to  fill  up  the  spaces 
between  the  veins.  In  the 
accompanying  figure  are 
represented  the  outlines 
of  different  leaves,  having 
the  same  general  distri- 
bution of  the  veins,  but  a 
different  proportion  of  the 
fleshy  substances  between 
them. 

236.  In  some  plants, 
in  which  the  firaroework  of 
the  leaves  is  very  strong, 
the  ends  of  this  project 
from  the  edges  of  the  leaf, 
when  the  latter  is  stunted  in  its  development,  forming  sharp 
prickles.  This  is  the  case  in  the  Holly  ;  the  prickles  on  the 
leaves  of  which  will  be  at  once  seen,  if  examined,  to  be  simply 
the  dried  and  projecting  terminations  of  the  veins.  On  looking 
at  any  full-grown  Holly,  considerable  variety  will  be  noticed  in 
the  degree,  in  which  the  leaves  have  this  prickly  character ;  and 
in  general  it  is  seen,  that  the  lower  ones  aro  the  most  stunted 
and  rough,  whilst  the  upper  ones  have  the  parenchyma  of  the 
leaf  so  much  developed,  as  to  include  these  extremities,  and  thus 
to  render  the  edges  of  the  leaf  quite  smooth.  Sometimes  it  has 
been  observed  that  a  Holly,  growing  in  a  very  luxuriant  soil, 
has  had  all  its  leaves  in  this  manner  metamorphosed,  so  as 
entirely  to  lose  the  peculiar  aspect  of  the  tree.     This  is  one  of 
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TMB  sAju  YCNATiON ;  o,  Watw  GiowfooC ;  b, 
Jatropha;  c,  Paasion-flower  ;  d,  Steroalia  pUtaai- 
folU ;  /,  Diohondra;  ff,  ABurabaooa. 
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the  modes  in  which  the  repnlsiYe  character  of  some  pbints  is 
softened  down  by  cultivation.  In  the  CiUftta  tribe,  it  would 
seem  as  if  all  the  nourishment,  which  would  naturally  form 
leaves,  is  bestowed  upon  the  stems  themselves ;  and  thus  the 
tufts  of  prickles  already  noticed  (§.  219)  are  the  only  indica- 
tions of  their  place.  These  prickles  are  the  woody  veins ;  which 
are  sometimes  seen,  in  specimens  grown  in  hot-houses  in  this 
country,  to  be  converted  into  true  though  very  minute  leaves ; 
in  consequence,  probably,  of  the  greater  supply  of  nourishment 
they  receive  under  such  circumstances,  than  in  the  dry  and  sterile 
situations  they  frequent  in  their  native  climes. 

237.  The  division  of  leaves  into  leaflets  may  be  regarded  as 
taking  phuie  upon  the  same  general  principle.  When  a  single 
series  of  leaflets  arises  from  the  midrib,  the  leaf  is  said  to  be 
finnatBy  or  winged.     But  sometimes,  instead  of  leaflets  arising 


Fio.  85.— PnnrATs  Lbatbs. 

from  the  midrib,  we  find  secondary  veins,  from  which,  as  from 
smaller  midribs,  secondary  leaflets  arise.  Such  are  called  bi- 
pinnate  leaves.     The  division  may  go  yet  further;    and  the 


Fro.  dd— Bi-piNNATK  AND  Tbi^pinitats  Lbaysb. 

secondary  veins  may  give  o£F  their  branches  before  any  leafy 
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parts  appear  on  them,  and  these  are  of  course  mach  smaller  and 
at  the  same  time  more  nnmerous.  A  leaf  in  which  this  is  the 
case  is  termed  tri-pinnaU.  Such  forms  are  generally  peculiar  to 
different  kinds  of  plants ;  but  there  are  some  in  which  we  find 
them  strangely  intermixed,  so  as  to  display  their  real  origin  and 
character. 

238.  Such  an  example  is  afforded  by  the  GUdUtiaor  Honey- 
locust  tree  of  North  America,  known  to  English  gardeners  by 
the  name  of  the  three-thomed  Acacia.  As  in  other  Acacias, 
the  leayes  are  compound ;  but  the  division  often  proceeds  to 
such  different  degrees,  in  difierent  parts  of  the  same  leaf^  that  it 
is  difficult  to  say,  whether  it  is  to  be  considered  pinnats^  H-pin- 

natSy  or  tri-pimuUe.  Of 
such  a  leaf,  in  the  accom- 
panying figure,  the  cen- 
tral stem  is  the  midrib ; 
and  from  it  proceed  the 
secondary  veins  on  each 
side.  The  highest  pair  of 
these,  bears  on  one  side  a 
leaflet,  which  shows  in- 
dentations marking  a  ten- 
dency to  subdivision ;  and, 
on  the  other  side,  a  series 
of  secondary  leaflets,  form- 
ed by  the  complete  sub- 
division of  the  first.  The 
second  pair  of  veins  bears 


Fio.  67«— Leaf  or  Qunmu,  one  of  the  AoacU 
tribe,  showing  curious  ▼arietias  In  the  subdivi- 
sions of  the  leaflets. 


on  one  side  a  series  of  secondary  leaflets  nearly  similar ;  but  two 
of  these  are  seen  to  have  again  subdivided  into  more  minute 
leaflets :  the  distribution  of  the  veins  in  which,  however,  pre- 
cisely corresponds  with  that  of  the  larger  ones,  so  that  a  skeleton 
of  the  whole  would  exhibit  little  difference  in  its  several  parts. 
On  the  other  side,  a  portion  of  another  series  of  secondary  leaflets 
is  seen ;  but  towards  the  extremity  they  merge  again  into  a 
larger  leaflet.  Below  these  again,  we  have  a  complete  pair  of 
larger  leaflets.     If  the  whole  of  the  leaf  had  been  formed  on  this 
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kst  plan,  it  wonld  have  been  tbnply  pinnate.  If  on  the  plan  of 
the  lowest  division,  in  which  there  is  a  complete  series  of 
secondary  leaflets  on  each  side,  the  leaf  would  have  been  H- 
pinnate.  And  if  the  whole  leaf  had  been  constructed  upon  the 
plan  of  the  minutely-subdiyided  portion  of  the  second  division, 
it  would  have  been  tri-pinnate. 

239.  These  are  some  of  the  most  interesting  varieties  in  the 
form  of  leaves,  depending  upon  the  degree  in  which  the  paren- 
chyma or  cellular  flesh  is  supplied,  to  £11  up  the  interspaces 
between  the  veins.  Of  those  which  depend  upon  the  various 
distribution  of  the  veins  themselves,  it  is  not  intended  here  to 
speak ;  since  every  plant  furnishes  materials  for  observation  of 
these  differences.  In  regard  to  the  size  of  leaves,  it  may  here  be 
mentioned  that,  whilst  in  some  species  they  are  nearly  micros- 
copic, in  others,  especially  of  the  Palm  tribe,  single  leaves  attain 
the  length  of  from  30  to  40  feet. 

240.  There  are  some  leaves  possessed  of  the  power  of  deve- 
loping buds  from  their  edges, — a  fact  which  will  hereafter  (Chap. 
XII.)  be  shown  to  be  important.  One  of  these  is  the  Bog-Orchis 
{Malaxit  paludoea)  of  English  marshes;  in  which  these  buds 
may  be  distinctly  seen,  though  the  whole  plant  is  very  small.  A 
better  example,  however, 
is  the  BryophyUtan  ealy- 
cmum,  which  is  a  species  in- 
habiting tropical  climates, 
and  known  as  the  otr- 
plcmt  or  letrf-plant^  from, 
the  circumstance  of  a  single 
leaf,  without  either  stem 
or  roots,  being  able  to 
maintain  its  life,  and  even 
to  grow  and  flower,  whilst 
hung  up  in  a  damp  and 
warm  atmosphere,  with- 
out the  contact  of  soil  to 
any  part  of  it.  The  little  buds,*  which  develope  themselves  at 
the  edges  of  the  leaves,  may  become  perfect  plants,  before  sepa- 


FlO.   68.^LbAF    OW  BRVOPHTLLUM     CALVClinTM, 
BBAJUIVO  BUDS  AT  BTt  SDOBB. 


Digitized  by  VjOOQ IC 


160 


GHANNBLB   AND  CATITIB8   FOR  FLUID. 


rating  themselyes  from  the  parent ;  but,  when  they  have  onoe 
formed  their  own  leayes  and  root-fibres,  they  are  bat  little  con- 
nected with  it,  and  may  be  detached  without  injury. 

241.  The  usual  form  of  leaves  is  often  remarkably  changed  ; 
and  many  of  the  varieties  produced  in  different  plants,  seem  to 
haye  for  their  object,  to  collect  water  from  the  atmosphere  and 
convoy  it  to  the  roots.  The  large  expanded  leaves  of  the  Arum 
tribe,  for  example,  have  a  deep  channel  down  the  midrib ;  and 
this  is  continued  along  the  petiole,  so  that  the  water  collected  by 
the  leaf  is  conveyed  to  the  point  of  the  stem  from  which  it  springs. 
In  the  common  Teaxel  (IHp$aeui)  of  our  own  fields,  and  the 
Tilkmdsia^  or  Wild  Pine  of  South  America,  there  are  hollows 
capable  of  holding  a  considerable  amount  of  water,  at  the  point 
of  union  of  the  leaf- stalk  with  the  stem. 

242.  But  the  most  remarkable  contrivances  of  this  kind,  are 
those  known  as  pUehen.  The  plants  furnished  with  these  cu- 
rious receptacles  are  termed  Pitcher-plants ;  and  several  kinds 
of  them  are  known.     In  the  Sarraoema^   which  is  a  native 

of  Canada,  these 
pitchers  may  be 
distinctly  seen  to 
be  formed,  by  the 
very  deep  chan- 
neling of  leaves 
and  leafless  stalks, 
the  edges  of  whidi 
fold  towards  and 
meet  one  another, 
so  as  to  form  a 
complete 
the  mouth 
guarded  by  a  sort 
of  hood,  formed 
by  the  top  of  the 
leaf.  In  the  Ne- 
pentheiy  orChine^e 
Pitcher-plant,  the  pitcher  is  of  more  complex  and  singular  con- 


vase 
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a,  pitdicr  of    SAiraoeDia ;  6.  pitcher  of  Nepenthes ;  e, 
pitcher  of  Cephalotns. 
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siruciion.  The  petiole,  soon  after  it  arises  from  the  stem, 
spreads  into  a  broad  leafy  expansion,  which  seems  to  perform 
the  function  of  the  true  leaves ;  it  then  contracts,  and  forms  a 
round  tendril-like  cord  of  several  inches  in  length ;  and  it  then 
expands  again,  and  is  hollowed  in  its  interior,  so  as  to  form  a 
▼erj  capacious  and  elegant  receptacle.  The  mouth  of  this  is 
guarded  by  a  separate  little  leafy  cover,  which  is  connected  with 
it  by  a  distinct  joint ;  and  this  is  regarded  by  botanists  as  the 
true  leaf.  In  one  more  variety,  the  pitchers  of  the  Cephalohu 
utricularii^  or  Monkey-cups  of  South  America  (so  named,  from 
its  being  reported  that  the  monkeys  quench  their  thirst  with  the 
fluid  they  contain,)  the  petiole  seems  to  form  the  lid ;  and  the 
pitcher  itself  is  composed  of  the  hollowed  leaf,  which  hangs  from 
it  by  a  kind  of  hinge. 

243.  In  regard  to  the  functions  of  these  curious  organs,  there 
is  some  difference  of  opinion.  It  seems  probable  that  the  pitcher 
of  Sarracenia  is  a  kind  of  fly-trap,  which  serves  to  catch  insects, 
the  decay  of  which  may  furnish  materials  for  its  growth.  Its  in- 
terior is  beset  with  long  bristly  hairs,  which  point  downwards ; 
and  at  the  bottom,  there  is  poured  forth  from  th^  plant,  a  honey- 
like secretion,  which  is  very  attractive  to  insects.  They  expe- 
rience little  difficulty  in  reaching  it ;  but  when  they  endeavour 
to  return,  they  are  checked  by  the  downward  projection  of  the 
hairs,  and  are  caught  like  a  rat  in  a  trap.  It  has  been  observed 
that  the  plant  does  not  thrive  so  well,  in  a  place  from  which 
small  insects  are  excluded  ;  and  there  is  good  reason  to  believe, 
therefore,  (especially  since,  as  we  shall  presently  see,  a  corre- 
sponding instance  certainly  exists,  §•  246,)  that  they  are  in  some 
way  beneficial  to  its  growth, — ^probably  furnishing  by  their 
doeomposition,  when  dead,  a  sort  of  manure  which  is  useful  to 
the  plant. 

244.  In  regard  to  the  Nepenthes,  no  very  positive  state- 
ment can  be  given ;  and  it  is  certain  that,  of  the  fluid  which  is 
found  in  the  pitcher  in  the  living  plant,  a  part  at  least  is  poured 
into  it  from  the  plant  itself;  since  it  has  been  found  to  contain 
fluid,  while  quite  immature,  before  the  first  opening  of  the  lid. 
The  ioterior  is  covered  with  downy  hair ;  and  it  is  probable  that 
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this  performs  the  same  functions  as  in  other  cases,  attracting 
moisture  from  the  atmosphere  by  its  numerous  points.  It  has 
been  observed,  that  the  lid  is  closed  in  dry  weather,  as  if  to  pre- 
vent loss  of  fluid  by  evaporation  from  the  interior ;  but  that,  if 
the  atmosphere  be  made  very  damp,  and  especially  if  the  plants 
near  it  in  the  hot-house  be  watered,  so  as  to  cause  a  large  quan- 
tity of  watery  vapour  to  surround  it,  the  lid  of  the  pitcher  will 
open,  and  the  quantity  of  water  contained  in  it  will  Boon  show  a 
considerable  increase. 

245.  The  most  curious,  perhaps,  of  all  the  Pitcher-plants  at 
present  known,  is  one  which  has  hitherto  only  been  observed  in 
India,  growing  in  its  native  forests ;  it  is  called  the  Duehidia 
Rc^fesiana.  It  is  a  creeping  plant,  having  a  long  twining  stem, 
which  is  destitute  of  leaves  until  near  its  summit ;  and  this  may 
be  a  hundred  or  more  feet  from  the  roots,  on  which,  therefore,  it 
can  scarcely  depend  for  nourishment,  by  absorption  of  fluid  from 
the  ground.  Its  supplies  of  moisture  from  a  tropical  atmo- 
sphere would  be  very  uncertain,  if  there  were  no  provision  for 
storing  up  what  it  occasionally  collects ;  but  with  such  a  one  it 
is  furnished.  The  pitcher  seems  formed  of  a  leaf,  with  its  edges 
rolled  towards  each  other  and  adherent ;  and  the  upper  end  or 
mouth,  from  which  it  is  suspended,  is  quite  open, 
and  adapted  to  receive  whatever  moisture  may 
descend  from  the  air,  whether  in  the  form  of  rain 
or  dew.  It  is  accordingly  always  found  to  contain 
a  considerable  quantity  of  fluid,  in  which  a  number 
of  small  black  ants  are  generally  seen  ;  these  are 
probably  attracted  by  it,  and  their  decomposition 
may,  as  in  the  case  of  the  Sarracenia,  render  it  yet 
more  nutritious  to  the  plant.  But  the  most  curi- 
ous part  of  the  whole  apparatus,  is  a  tuft  of  ab- 
sorbent fibres,  resembling  those  of  the  roots ;  these 
are  prolonged  from  the  nearest  part  of  the  branch, 
or  even  from  the  stalk  to  which  the  pitcher  is 
attached,  and  spread  through  the  cavity.  They 
may  be  regarded  in  the  light  of  secondary  roots, 
serving  to  introduce  into  the  plant  the  fluid  aliment  collected  in 


Pro.  70. 
PiTCHKR  or  Di 
BCHfDiA  ;  show- 
ing the  inft  of 
ruot-like  fibres 
prolonged  into  it 
from  the  adjoin- 
ing twig. 
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tliese  curious  reservoirs,  which  may  be  compared  to  the  stomachs 
of  Animals. 

246.  One  more  cunous  modification  of  the  leaf  may  be 
noticed; — that  which  forms  the  insect-catching  trap  of  the 
DioTUBa  musciptUa^  a  plant  inhabiting  the  southern  part  of  the 
United  States,  and  commonly  known  as  Fenui's  Fly-trap,  In 
this  plant,  we  find  certain  of  the  leaves  fringed  at  their  edges 
with  a  row  of  long  spines,  and  endowed  with  the  power  of  fold- 
ing the  two  sides  of  tiie  leaf  towards  each  other,  so  as  to  enclose 
any  thing  between  them  which  may  have  settled  upon  its  sur- 
face. When  thus  folded,  the  ^ines  cross  each  other  in  such  a 
manner,  as  completely 
to  prevent  the  escape 
of  an  insect,  which 
may  be  thus  captured. 
Upon  each  half  of  the 
blade  of  th^  leaf,  there 
are  three  projecting 
thorns ;  and  it  is  when 
either  of  these  receives 
the  slightest  touch, 
that  the  two  sides  fold 
together,  and  form  a 
complete  trap  ;  the 
walls  of  which  seem 
to  press  more  closely 
upon  the  captive,  the 
more  it  struggles.  Any 
unfortunate  insect  which  alights  upon  the  leaf^  is  thus  speedily 
destroyed  ;  and  its  decay  appears  to  furnish  the  plant  with  nu- 
triment beneficial  to  it.  Plants  of  this  kind,  which  have  been 
kept  in  hot-houses  in  this  country,  from  which  insects  were  care- 
fully excluded,  have  been  observed  to  languish ;  but  were  restored 
by  placing  little  bits  of  meat  upon  their  traps, — the  decay  of 
these  seeming  to  answer  the  same  purpose.  The  petioles  of  the 
leaves  which  form  these  traps,  are  very  much  widened  and  flat- 
tened ;  forming  leaf-like  organs,  which  seem  to  perform  the  funo- 
tions  of  true  leaves. 

M  2 
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247.  Haying  now  noticed  the  chief  varieties  of  leaves  as 
regards  their  external  form,  we  shall  proceed  to  consider  their 
internal  structure;  and  this  exhibits  a  degree  of  complexity 
which  would  scarcely  be  anticipated.  The  internal  structure  f\i 
the  leaf  cannot  be  well  examined,  without  a  high  magnifying 
power.  It  is  necessary  to  cut  the  leaf  across  with  a  sharp  knife, 
and  then  to  pare  off  an  excessively  thin  slice  from  the  cut  edge ; 
so  that  when  a  section,  exhibiting  the  thickness  of  the  leaf,  from 
one  surface  to  the  other,  is  placed  under  the  Microscope,  the 
light  may  be  sent  through  it.  A  portion  of  such  a  section  of  the 
leaf  of  the  Lily,  which  may  be  regarded  as  sufficiently  charac- 
teristic of  leaves  in  general,  is  shown  in  the  accompanying  figure. 

The  colourless  cells 
cf  the  cuticle  cover- 
ing the  upper  sur- 
face of  the  leaf,  are 
seen  above ;  and 
those  of  the  under 
cuticle,  below.  Be- 

Fia.  72— SscnoN  or  thb  lbaf  ov'thb  Lilv  ;  a,  celli  com-  f -^pp,,     tht^tt^       i>r*» 

podng  cutiole  of  upper  nirfaoo ;  ft,' oalls  of  cuticle  of  lower  '"^*^"     loicwj,      lire 

MirfiMe;  e,  c,  stomaU ;  d,  upper  otoaely-iet  layer  of  paren*  seen  a  large  num- 

ohjrma;  *,y.  lower  row.  of  oell.  more looeely  arr«»g«L  ^^^  ^^  ^^^^^  ^^j^ 

which  represent  the  coloured  parenchyma  or  fleshy  portion  of  the 
leaf.  These  are  arranged  with  considerable  regularity,  and  are 
packed  Yery  closely  together  beneath  the  upper  surface ;  and 
there  are  scarcely  any  spaces  between  them  iathat  part.  Below, 
however,  it  is  seen  that  the  cells  are  of  less  regular  form,  and 
that  they  do  not  come  into  nearly  such  close  contact,  so  that 
there  are  many  spaces  amongst  them;  which,  communicating 
freely  with  each  other,  form  what  are  termed  the  intercelltUar 
passages  and  spaces  of  the  leaf. 

248.  The  stomata  are  chiefly  to  be  found  in  the  lower  sur- 
face ;  and  they  always  open  into  the  vacant  spaces  beneath  the 
cuticle,  and  not  against  the  cells  in  contact  with  it  It  is  the 
large  proportion  of  these  vacant  spaces,  which  usually  contain  a 
considerable  quantity  of  air,  that  occadons  the  colour  of  the 
under  side  of  the  leaf  to  be  usually  much  lighter  than  that  of  the 
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upper.  The  cells  of  that  part  are  themselves  of  a  shade  fully  ns 
deep ;  but  a  much  smaller  number  of  them  lie  against  the  trans- 
parent colourless  cuticle.  This  may  be  easily  seen,  by  cutting  a 
thin  slice  from  the  under  side  of  the  leaf  with  a  sharp  knife,  in 
such  a  manner  as  to  detach  a  portion  of  the  cuticle  with  the  cells 
adherent  to  it ;  and  on  magnifying  this  it  will  be  observed,  how 
small  a  proportion  of  it  is  really  rendered  green,  by  the  coloured 
tissue  in  contact  with  it.  The  large  amount  of  air  which  these 
passages  contain,  is  made  evident,  by  putting  a  leaf  in  water 
under  the  receiver  of  an  air-pump ;  and  if  the  pressure  be  re- 
moved from  above,  by  exhausting  the  air,  a  number  of  minute 
bubbles  will  be  seen  to  issue  from  the  pores  of  the  leaf,  forming 
a  portion  of  the  air  previously  contained  in  it. 

249.  Nearly  all  the  leaves  which  assume  the  ordinary  posi- 
tion, having  one  surface  directed  upwards  and  the  other  down- 
wards, closely  correspond  with  the  one  just  adduced  as  an  ex- 
ample in  their  general  structure.  There  are,  however,  some 
curious  exceptions.  Not  unfrequently  we  find  the  openings  of 
many  of  the  stomata  extremely  minute,  or  even  entirely  blocked 
up ;  especially  in  plants  which  inhabit  hot  and  dry  situations, 
and  in  which,  therefore,  less  superfluous  moisture  has  to  be  ex- 
haled through  them.  It  is  in  such  that  we  find  the  cuticle 
formed  of  more  than  a  simple  row  of  cells.  The  Oleander  is  a 
very  remarkable  example  of  this  structure.  The  upper  cuticle 
consists  of  three  rows  of  cells;  and  beneath  tliis,  we  find  two 
layers  of  green  cells,  packed  with  extreme  regularity  and  close- 
ness, so  as  not  to  leave  any  passages  between  them  ;  but  between 
these  and  the  lower  cuticle,  the  texture  of  the  parenchyma  is 
very  loose.  The  lower  cuticle  contains  three,  and  sometimes 
four,  layers  of  cells;  and  its  exterior  is  covered  with  downy 
hairs.  In  its  substance  we  find  cavities,  opening  externally  by 
a  small  orifice,  and  closely  lined  within  by  similar  delicate  hairs; 
and  amongst  these  hairs,  are  situated  extremely  minute  stomata. 
Now,  as  already  mentioned,  it  seems  that  these  hairs  act  as  so 
many  little  rootlets ;  absorbing  moisture  with  which  they  may 
be  in  contact,  when  the  necessities  of  the  plant  require  it ;  and 
nothing  can  more  efiectnally  aid  them,  than  the  little  cavities 
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jnst  mentioned,  which  are  beantifolly  adapted  to  contain  lucli 
minnte  quantities  of  water,  as  the  atmosphere  may  deposit. 
Thus,  the  drjmess  of  the  soil  and  climate  in  which  this  species 
naturally  exists,  is  compensated  by  the  peculiar  structure  of  its 
leaves;  and  it  is,  accordingly,  one  of  the  few  plants  that  will 
flourish  in  a  sitting-room,  the  air  of  which  is  too  dry  for  the 
health  of  most  others.  Similar  oayities  have  been  observed  in 
the  Nepenthes  and  Dionaea. 

250.  There  are  many  plants,  however,  whose  leaves  expose 
each  side  equally  to  the  light ;  their  surfaces  being  upright  in- 
stead of  horizontal.  In  these,  both  sides  are  usually  formed 
alike,  and  their  colours  are  the  same.  Upon  examining  their 
interior  structure,  it  is  found  that  both  sides  are  equally  fur- 
nished' with  intercellular  passages;  and  that  the  number  of 
stomata  above  these  is  nearly  the  same.  This  is  the  case,  for 
example,  in  the  common  Iris.  But  there  are  some  instances,  in 
which  the  general  plan  of  structure  is  completely  reversed, — the 
stomata  being  restricted  to  the  upper  surface,  and  the  upper  part 
of  the  parenchyma  being  much  looser  in  texture  than  the  lower. 
This  is  the  case,  for  example,  with  the  Water-Lily,  and  other 
plants  whose  leaves  float  on  the  surface  of  the  water.  The  thick 
spongy  leaf  of  the  Water-Lily  contains  a  large  amount  of  air- 
channels,  which  serve  to  give  it  buoyancy;  but  these  are  all 
immediately  beneath  the  upper  surface,  and  communicate  with 
the  external  air  through  its  numerous  stomata;  whilst  in  con- 
tact with  the  lower  surface, — which,  as  it  lies  upon  the  water, 
is  cut  off  from  the  actions  that  are  usually  performed  by  it, — are 
two  rows  of  closely-packed  cells,  corresponding  to  those  generally 
in  contact  with  the  upper  surface.  In  all  these  instances,  we 
observe  such  a  beautiful  adaptation  of  the  structure  of  these 
wonderfully-organised  beings,  to  the  circumstances  in  which  they 
are  to  live  and  grow,  that  the  intelligent  observer  can  scarcely 
feel  a  doubt  of  the  Wisdom  and  Omnipotence  of  the  Designing 
hand  which  contrived  it. 
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251.  It  is  in  the  Leaves,  as  already  stated  more  than  once, 
that  those  changes  are  effected,  which  convert  the  crude  fluid 
absorbed  by  the  roots  (consisting  as  it  does  of  little  else  than 
water,  in  which  is  dissolved  a  very  minute  proportion  of  the 
various  matters  existing  in  the  surrounding  soil,)  into  the  proper 
mice  or  nutritioue  sap^ — capable,  not  only  of  supplying  to  the 
different  parts  of  the  structure  the  materials  necessary  for  the 
maintenance  of  their  healthfulness,  for  the  repair  of  injuries,  and 
for  the  production  of  entirely  new  parts, — but  also  of  furnishing 
the  ingredients  of  those  several  products,  which  the  various  tribes 
of  plants  may  be  said  almost  to  create  from  the  elements  around 
ihera,  and  which  are  so  valuable  to  Man  as  articles  of  diet,  as 
medioinee,  or  as  articles  of  use  in  his  various  manufactures. 
Many  of  these  will  have  to  be  considered  hereafter,  under  the 
head  of  Secretions;  but  it  is  interesting  to  observe  here,  that, — 
although  almost  every  tribe  of  plants  forms  some  substance 
peculiiu*  to  itself,  some  of  which  are  of  a  highly  poisonous  cha- 
racter, whilst  others  are  of  the  mildest  and  most  wholesome 
nature, — they  all  originate  in  ascending  sap,  which  is  of  a  cha> 
racter  nearly  uniform  in  each  tribe. 

252.  In  this  process  of  Elaboration^  as  this  conversion  has 
been  termed,  several  distinct  changes  are  involved.  The  first  is 
the  concentration  of  the  fluid,  by  the  loss  of  a  considerable  pro- 
portion of  its  water ;  so  that  the  amount  of  solid  matter,  con- 
tained in  any  quantity  of  it,  is  much  greater  than,  before.  This 
b  eflected  by  a  process,  which  resembles  the  perspiration  of 
Animals;  a  large  quantity  of  watery  vapour  being  given  off, 
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under  fayourable  circumstances,  from  the  surface  of  tlie  Leaves, 
as  from  the  pores  of  the  skin  of  a  Man. 

Ewhalation. 

253.  If  a  glass  vessel  be  placed  with  its  mouth  downwards, 
on  the  surface  of  a  meadow  or  grass-plot,  during  a  sunny  after- 
noon in  summer,  it  will  speedily  be  rendered  dim  in  the  interior, 
by  the  watery  vapour  which  will  rise  mto  it ;  and  this  will  soon 
accumulate  to  such  a  degree,  as  to  run  down  in  drops.  From 
an  experiment  of  this  kind,  repeated  by  Bishop  Watson  during 
several  successive  days,  on  a  meadow  which  had  been  cut  during 
a  very  intense  heat  of  the  sun,  and  after  several  weeks  had  been 
passed  without  rain,  it  was  calculated  by  him,  that  an  acre  of 
grass-land  transpires  in  24  hours  not  less  than  6400  quarts  of 
water.  This  is  probably  an  exaggerated  statement ;  as  the 
Bishop  does  not'  seem  to  have  been  aware  how  completely  tran- 
spuration  is  checked  during  the  night ;  but  it  will  serve  to  give 
an  idea  of  the  enormous  amount  of  fluid,  which  must  be  thus 
disengaged.  Any  person  walking  in  a  meadow  on  which  the 
sun  is  shining  powerfully,  especially  in  a  hot  day  in  summer, 
when  the  grass  has  not  long  previously  been  refreshed  by  rain, 
may  observe  a  tremulous  motion  in  distant  objects,  occasioned 
by  the  rising  of  the  watery  vapour;  exactly  resembling  that 
which  takes  place  along  the  sea-shore,  when  the  sun  shines 
strongly  on  the  pebbles  that  have  been  left  in  a  moistened  state 
by  the  retreating  tide. 

254.  It  is  necessary,  however,  to  distinguish  the  ewtparatum 
which  is  the  cause  of  the  latter  occurrence,  from  the  peculiar 
function  we  are  now  considering ;  which,  as  we  shall  see,  is  in- 
fluenced by  circumstances  that  only  act  during  the  life  of  the 
Plant,  in  such  a  manner,  as  to  prove  it  to  be  something  of  a 
different  character,  from  that  which  we  observe  in  dead  sub- 
stances. All  moist  bodies  exposed  to  a  tolerably  warm  and  dry 
atmosphere  have  a  tendency  to  become  dry, — ^the  fluid  they  con- 
tain, slowly  passing  off  in  the  form  of  vapour.  The  rapidity 
with  which  this  takes  place,  will  depend  upon  the  amount  <^ 
heat  to  which  they  are  exposed,  and  upon  the  degree  of  dryness 
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of  the  surrounding  air.  Every  one  knows  that  warmth  is  of 
great  assistance,  in  drying  moistened  substances  of  any  kind; 
and  this  results,  from  its  promoting  the  conversion  of  the  water 
into  vapour.  It  may  easily  be  observed,  too,  that  a  damp  atmo- 
sphere retards  the  process ;  and  the  air  sometimes  has  so  large  a 
quantity  of  vapour  suspended  in  it,  that  it  deposits  it  as  a  dew 
upon  dry  substances,  instead  of  raising  fresh  moisture  from  damp 
ones. 

255.  Now  the  living  fabrics  of  Plants  are  subject,  like  all 
other  moist  substances,  to  the  loss  of  fluid  by  evaporation ;  and 
this  would  take  place  under  the  conditions  just  mentioned,  from 
all  the  parts  which  have  this  character,  were  it  not  for  the  pro- 
tection afforded  by  the  cuticle.  This  membrane,  as  formerly 
stated,  covers  the  whole  surface  of  every  pbnt,  which  is  exposed 
to  the  air ;  and,  from  its  peculiar  nature,  it  is  not  liable  to  be 
thus  influenced  by  heat  or  dr3mess  of  the  atmosphere ;  so  that  it 
effectually  protects,  from  the  undue  influence  of  these  agents,  the 
soft  tissues  beneath.  The  difference  which  results  from  the  pre-^ 
sence  or  absence  of  this  cuticle,  may  be  well  seen,  by  comparing 
the  long-continued  freshnees  of  the  leaf  of  any  Flowering-plant 
which  is  kept  in  the  dark  ($o  that  its  exhalation^  or  transpiration 
of  fluid  through  the  stomata,  as  presently  to  be  explained,  is 
prevented,)  with  the  rapid  shrivelling  of  the  frond  of  a  Sea- Weed, 
or  of  any  Flowering-plant  that  naturally  grows  beneath  the 
water,  when  equally  exposed  to  the  influence  of  a  warm  and  dry 
atmosphere.  And,  as  already  noticed,  the  cuticle  is  almost  in- 
variably found  to  be  the  thickest  and  firmest,  in  plants  which 
frequent  very  hot  and  dry  situations. 

256.  Nevertheless  the  cuticle  does  not  entirely  check  eva- 
poration ;  but  this  takes  place  from  the  surface  of  a  dead  plant, 
or  of  any  portion  of  one,  as  well  as  from  one  in  the  most  active 
vegetation.  The  shrivelling  of  Apples  long  kept,  and  the  loss 
of  weight  of  Potatoes,  are  examples  of  this  slow  and  gradual 
change.  It  may  he  stated,  then,  that  Plants,  like  other  moist 
soft  substances,  are  liable  to  part  with  some  portion  of  their  fluid 
by  evaporation,  especially  when  exposed  to  a  warm  and  dry 
atmosphere ;  but  that  the  amount  of  this  loss  is  far  too  small,  to 
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account  for  the  large  quantity  of  vapour,  whicb,  as  just  stated, 
may  be  easily  ascertained  to  pass  off  at  certain  times,  from  the 
surface  of  the  living  plant. 

257.  Now  a  few  simple  experiments  will  show,  that  there  is 
a  strong  probability  that  this  rapid  transpiration  takes  place 
through  the  stomata.  If  a  piece  of  glass  be  held  near  the  upp^r 
surface  of  the  leaf  of  a  Yine,  actively  growing  in  a  hot-house, 
little  effect  will  be  produced  upon  it ;  but  if  it  be  held  near  the 
w^der  surface,  the  glass  will  soon  be  dimmed  by  the  vapour ; 
and  in  a  short  time  longer,  this  will  accumulate  so  as  to  form 
drops.  As  the  upper  surface  of  a  vine-leaf  is  nearly  destitute  of 
stomata,  whilst  the  lower  is  thickly  covered  with  them,  the  dis- 
proportion in  these  effects  is  at  once  explained,  if  the  transpira- 
tion really  take  place  through  these  apertures.  Similar  experi- 
ments on  other  plants  lead  to  the  same  general  result  Where 
the  stomata  are  equal  in  number  on  the  two  surfaces,  both  seem 
to  transpire  alike ;  and  when  neither  possess  stomata  capable  of 
action,  the  transpiration  is  scarcely  to  be  observed.  Again,  if  a 
plant,  actively  transpiring  under  the  influence  of  sun-light,  be 
carried  into  a  dark  room,  its  transpiration  is  immediately  and 
almost  entirely  checked ;  and  if  its  stomata  be  then  examined, 
they  will  be  found  to  have  closed.  Thus  it  appears  almost  un- 
questionable, that  the  rapid  loss  of  fluid  from  the  whole  vege- 
table surface,  but  especially  from  the  leaves,  which  constitutes  a 
most  important  part  of  the  economy  of  the  living  plant,  is  regu- 
lated by  the  number  of  stomata  which  each  part  contains,  and 
by  the  degree  in  which  light  acts  upon  them  (§.  94). 

258.  Still,  this  kind  of  transpiration  (which,  to  distinguish 
it,  may  be  termed  Exkalation)  is  not  altogether  different  in  its 
character,  from  the  common  evaporation  first  described.  It  will 
be  recollected,  that  the  stomata  open  into  large  passages  chan- 
nelled out,  as  it  were,  in  the  fle^y  substance  of  the  leaf;  and 
that  the  walls  of  these  are  everywhere  composed  of  a  very  soft 
tissue,  which  is  constantly  kept  moist  by  the  crude  sap  conveyed 
so  plentifully  into  the '  leaves.  If,  therefore,  the  atmosphere  be 
admitted  into  these  passages,  a  very  large  amount  of  evaporation 
must  take  place  from  their  sides,  which  resemble,  in  the  want  of 
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sny  proteotioD,  the  substance  of  plants  habitually  living  under 
water ;  and  this  evaporation  will  be  the  more  considerable,  as 
the  surfiioe  exposed  in  these  passages  is  much  greater  than  tliat 
of  tlie  leaf  itself.  The  exhalation  of  fluid  from  the  living  plant, 
then,  may  be  regarded  in  part  as  a  kind  of  evaporation  from  its 
interior,  and  will  be  promoted  by  the  warmth  and  dryness  of  the 
air  around ;  but  it  is  entirely  controlled  by  the  stomata,  which, 
by  admitting  or  excluding  the  air,  permit  or  check  it  in  accord- 
ance with  the  influence  of  light  upon  them.  Still  it  cannot  be 
r^arded  as  entirely  due  to  evaporation ;  as  fluid  is  sometimes 
exhaled  more  rapidly  than  it  can  be  removed  by  that  process 
(§.  265) ;  and  we  are  probably  to  regard  this  secretion  as  really 
analogous  to  the  cutaneous  exhalation  of  Animals.  (See  Anim. 
Physiol.,  §.  371,  372.) 

259.  Thus,  then,  we  see  one  important  mode,  in  which  liffht 
influences  the  growing  Plant.  No  amount  of  beat  can  supply  a 
deficiency  of  this  agent ;  fcnr,  if  it  be  excluded,  exhalation  is  en- 
tirely prevented ;  and  all  the  fluid  that  is  transpired,  has  to  pass 
off  by  the  slow  process  of  evaporation  from  the  external  surface 
only,  which  is  not  nearly  sufficient  for  the  required  concentra- 
tion of  the  sap.  Moreover,  when  the  exhalation  is  checked, 
absorption  soon  ceases ;  for  the  tissues  beccme  gorged  with 
fluid,  and  are  capable  of  containing  no  more.  If  a  plant,  ac- 
customed to  grow  in  open  day,  be  kept  for  some  time  in  the 
dark,  it  becomes  unhealthy,  and,  as  it  were,  dropsical;  and 
will  generally  die,  if  not  restored  to  its  usual  condition.  This 
is  not,  however,  the  only  process  performed  by  the  leaves,  which 
is  checked  by  the  want  of  light ;  and  therefore  the  unhealthint  s» 
which  results  cannot  be  imputed  to  it  alone  (^.  288). 

260.  We  are  now  prepared  to  understand,  then,  the  shaie 
which  the  leaves  have,  in  promoting  and  maintaining  the  ab- 
sorption of  fluid  by  the  roots.  The  exhalation  which  take0 
place  in  the  leaves,  has  a  corresponding  effect  with  the  combus- 
tion of  oil  at  the  top  of  the  wick  of  a  lamp, — occasioning  a  con- 
tinual demand  for  fluid  from  below.  If  the  flame  be  extinguished^ 
the  oil  does  not  flow  over  the  top  of  the  wick,  because  the  ab 
sorption  of  it  ceases  also;   and  so  the  action  of  the  roots  is 
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governed  by  that  of  the  leaves,  the  former  organs  ceasing  to 
absorb  the  fluid,  when  it  is  not  drawn  off  by  the  latter.  This 
connexion  is  not  only  shown  by  the  experiment  just  mentioned, 
but  by  a  still  more  remarkable  one,  which  explains  in  great 
degree  the  cause  of  the  ascent  of  the  sap  in  the  spring,  after  it 
has  been  nearly  stationary  during  the  winter.  If  a  Vine  be 
growing  on  the  outside  of  a  hot-house,  and  a  single  shoot  be 
traioed  within,  in  the  midst  of  winter,  the  warmth  to  which  the 
latter  is  exposed,  will  cause  its  buds  to  swell  and  unfold  them- 
selves ;  whilst  those  on  the  outside  are  quite  inactive.  A  de- 
mand for  fluid  will  thus  be  occasioned  along  this  particular 
branch ;  and  this  will  be  supplied  by  that  existing  in  the  vessels 
below.  When  these  are  emptied,  they  will  be  again  supplied 
from  the  parts  .below  them ;  and  tlius  the  motion  will  be  propa- 
gated to  that  division  of  the  roots,  whose  fibres  are  connected 
with  those  of  the  vegetating  branch ;  these  will  absorb  fluid  for 
its  support,  whilst  all  the  rest  are  completely  at  rest.  In  the 
spring  of  the  year,  when  the  cheerful  rays  of  the  sun  call  the 
whole  of  the  buds  into  activity,  the  whole  of  the  roots  are 
similarly  affected;  and  that  the  sap  b^ns  to  move  in  the 
upper  branches,  before  it  commences  ascending  in  the  trunk,  has 
been  shown  by  experiment, — notches  having  been  cut  at  inter- 
vals, by  which  the  period  of  its  flow  could  be  ascertained  in 
each  part. 

26 1 .  Various  experiments  have  been  made  at  different  times, 
to  ascertain  the  quantity  of  fluid  thus  exhaled  by  plants ;  and 
the  results  of  many  of  them  are  very  interesting.  Those  made 
by  Dr.  Woodward,  150  years  ago,  have  been  already  noticed 
(§.  100),  as  indicating  the  large  quantity  of  water  absorbed. 
There  is  no  great  difficulty  in  ascertaining  the  amount  upon  a 
small  scale ;  for  if  a  plant  be  supplied  with  a  known  weight  of 
water,  and  the  weight  it  has  gained  during  a  certain  time  be 
deducted  from  thi?, — allowance  being  also  made  for  the  evapo- 
ration from  the  surface  of  the  water^  in  which  its  roots  are  im- 
mersed, the  quantity  of  which  may  be  easily  estimated, — the 
difference  must  be  the  proportion  exhaled.  This  differs  much 
in  different  plants,  chiefly  according  to  the  rapidity  of  their 
growth. 
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262.  It  has  been  asoertained,  that  the  young  leaves  and 
shoots  of  the  Wild  Cornel  exhale  twice  their  own  weight  of 
water  daily.  A  common-sisBed  Cabbage,  in  the  twelve  hours  of 
daylight,  was  ascertained  by  Hales  (one  of  the  best  experi- 
menters upon  this  interesting  subject),  to  exhale  from  15  to  25 
ounces  daily,  according  to  the  light  and  warmth  to  which  it  was 
exposed.  This  quantity,  in  proportion  to  the  amount  of  sur^ 
face  exposed  by  the  leaves,  is  probably  as  great  as  most  Plants 
furnish ;  and  is  more  than  is  given  off  from  the  skin  of  Man  in 
the  same  time.  This  has  been  reckoned  to  amount  in  twenty- 
four  hours  to  about  25  ounces ;  which,  as  there  is  no  great  dif- 
ference between  day  and  night,  would  make  12^  ounces  in  twelve 
hours;  admitting,  therefore,  that  the  surface  of  his  body  is  about 
one-fourth  less  than  that  of  the  leaves  of  the  Cabbage,  and  reck- 
oning the  perspiration  of  the  latter  at  the  mean,  between  the 
greatest  and  the  least,  it  is  still  much  greater  than  that  of  man. 

263.  The  transpiration  of  a  Sun-flower  in  full  growth,  during 
fifteen  days  and  nights,  was  carefully  observed  by  Hales.  This 
plant  was  3^  feet  high,  its  weight  3  pounds,  and  the  surface  of 
its  leaves  was  estimated  at  5616  square  inches, — or  about  2^ 
times  that  of  the  human  body.  The  average  transpiration 
during  the  whole  period,  was  found  to  be  20  ounces  per  day ; 
but  in  one  warm  dry  day,  it  was  as  much  as  30  ounces.  During 
a  dry  warm  night,  it  lost  3  ounces — probably  by  simple  evapo- 
ration ;  when  the  dew  was  sensible  though  small,  it  neither  lost 
nor  gained ;  and  by  heavy  rain  or  dew,  it  gained  2  or  3  ounces. 
When  this  amount  is  compared  with  that  perspired  by  Man,  it 
may  be  shown  that,  if  their  tufface$  were  equal,  the  man  would 
perspire  50,  and  the  plant  15 ;  but  that,  for  equal  weighu^  the 
pknt  exhales  17}  while  the  man  perspires  1.  Experiments  upon 
single  leaves,  when  not  too  long  separated  from  the  plant  so  as 
to  lose  their  vitality,  yield  fhUy  as  striking  results.  Thus  a 
leaf  of  the  Sun-flower,  weighing  31^  grains,  absorbed  in  four 
hours,  by  its  petiole  immersed  in  water,  25  grains  of  that  fluid  ; 
the  leaf  had  increased  in  weight  only  4*  grains;  so  that  20^ 
grains  had  disappeared  by  exhalation. — ^Thus  a  quantity  equal 
in  weight  to  the  leaf  itself,  would  have  been  exhaled  in  about 
six  hours. 
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264.  Experiments  of  this  last  kind  mav  bs  yery  easily 
performed  by  any  one  who  has  command  of  a  pair  of  scales 
adapted  to  weigh  small  sabstances;  and  it  is  well  that  the 
student  should  avail  himself  of  snch  opportunities,  for  learning 
how  to  '*  put  Nature  to  the  question"  in  matters  of  this  simple 
character,  in  order  to  cultivate  habits  of  accuracy  and  caution, 
which  are  useful  in  every  condition  of  life.  Let  him  take  several 
leaves  of  different  plants, — such,  for  example,  as  the  Vine,  Oak, 
Elm,  Beech,  Lime,  Apple,  Pear, — weigh  them  separately,  and 
estimate  as  neariy  as  he  can  the  comparative  surface  presented  by 
each.  He  should  then  place  their  footstalks  in  glasses  or  bottles 
of  equal  siie,  into  which  has  been  poured  a  certain  weight  of 
water,  carefully  ascertained  to  be  the  same  in  each;  and  he 
should  place  all  these  in  similar  circumstances  for  a  certain  time ; 
lutving  also  a  corresponding  glass  without  a  leaf,  in  order  to  esti- 
mate the  amount  of  fluid  lost  from  the  surface  of  the  water  by 
evaporation.  By  ascertaining  how  much  had  been  absorbed  by 
each  leaf,  and  the  weight  each  had  gained,  he  would  thus  be 
easily  enabled  to  calculate  the  quantity  it  must  have  exhaled ; 
and  then,  by  comparing  this  with  the  extent  of  the  surfEuses  of 
the  different  leaves,  he  would  estimate  the  proportional  rapidity 
of  the  process  in  the  various  species  he  had  chosen, — care  having 
been  taken  to  select,  in  the  first  instance,  trees  in  equal  stages 
of  growth,  and  leaves  of  a  similar  degree  of  freshness  and  deve- 
lopment. 

265.  The  watery  vapour  which  is  constantly,  though  insen- 
sibly, given  off  from  the  skin  of  Animals,  is  liable  to  accumulate 
in  drops,  and  to  form  sensible  perspiration,  when  from  any  cause 
it  exceeds  in  quantity  that  which  the  air  can  carry  away ;  either 
in  consequence  of  an  increased  secretion  or  separation  of  it  from 
the  blood  (as  when  a  person  exerts  himself  in  warm  weather),  or 
from  the  atmosphere  being  ahready  so  loaded  with  dampness, 
that  it  cannot  contain  any  additional  moisture  (  Anu(.  Phtsiol., 
§§.  371,  372).  In  the  same  manner,  some  Plants  exhale  so 
rapidly  at  sunrise,  when  the  heat  of  the  air  is  not  sufficient  to 
enable  it  to  carry  off  the  disengaged  moisture,  that  the  fluid 
accumulates  in  drops  at  the  points  of  the  leaves,  and  has  been 
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mistakeo  for  dew.  This,  however,  is  not  the  case ;  since  it  has 
been  observed  on  phmts  under  shelter,  as  well  as  on  those  that 
are  exposed ;  and  it  has  been  noticed  also  at  other  parts  of  the 
day.  A  similar  accumnlation  of  water  in  drops  has  been  ob- 
served when  plants  have  been  electrified ;  by  which  process  tlie 
amount  of  exhalation  appears,  for  a  time  at  least,  to  be  consider- 
ably increased.  It  is  perhaps  in  this  manner,  that  an  electric 
state  of  the  atmosphere  hastens  the  growth  of  some  kinds  of 
plants. 

266.  If  plants  are  exposed  to  a  light  of  too  great  intensity, 
especially  if  they  possess  many  stomata,  and  are  not  well  supplied 
with  water,  their  tissue  becomes  dried  up  by  the  increased  ex- 
halation which  then  takes  place,  and  which  is  not  sufficiently 
counterbalanced  by  absorption,  so  that  their  vegetation  is  mate- 
rially checked, — a  fact  of  which  we  see  abundant  examples  in 
dry  sandy  soils,  and  exposed  situations.  If,  on  the  other  hand, 
the  leaves  are  shaded,  and  the  roots  freely  supplied  with  mois- 
ture, the  growth  of  the  plant  is  active  and  luxuriant,  but  its 
tissue  is  soft,  and  altogether  destitute  of  firmness.  This,  how- 
ever, is  partly  due  to  the  imperfect  performance  of  another 
process  shortly  to  be  described  as  that  of  digeition.  Plants  of  a 
very  fleshy  juicy  character,  termed  succuUntt  in  which  there  is 
usually  a  great  deficiency,  or  even  entire  absence,  of  stomata, 
require  a  considerable  amount  of  light  to  secure  for  them  that 
regular  discharge  of  moisture  which  they  require ;  hence  when 
Melons  are  grown  in  a  frame,  as  many  leaves  as  possible  should 
be  exposed  to  the  influence  of  the  sun's  rays,  and  the  accumula- 
tion of  moisture  within  should  be  provided  against.  There  are 
certain  succulent  plants,  which,  owing  to  their  deficiency  of 
stomata,  may  be  preserved  without  moisture  for  many  days  or 
even  weeks ;  and  as  their  cuticle  is  so  thick  as  to  resist  evapora- 
tion, it  is  often  very  difficult  to  kill  and  dry  them  for  the  pur- 
pose of  pkcing  them  in  collections.  Of  this  kind  are  the  Sedums 
or  SUm4-^3rop$^  of  Britain,  which  have  been  known  to  push  con- 
siderable shoots  when  placed  under  pressure;  and  many  plants 
of  tropical  climates. 

267.  Besides  these  applications  of  theory  to  practice,  there 
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are  many  others,  which  will  readily  arise  from  the  knowledge  of 
the  character  of  this  function,  and  of  tlie  causes  on  which  it  is 
dependent.  Thus  we  learn  from  it,  that  tlie  operation  of  trans- 
planting should  not  he  performed  in  the  summer,  when  the 
exhalation  is  most  active ;  since,  the  roots  heing  always  injured 
in  greater  or  less  degree,  the  process  of  ahsorption  is  imperfectly 
performed,  and  cannot  supply  the  loss  by  exhalation ;  so  that 
the  plant  is  dried  up.  This  evil  may  in  some  degree  be  guarded 
against,  by  watering  the  plant  copiously  ;  but  it  is  much  better 
to  make  the  change  either  in  early  spring,  or  in  the  latter  part 
of  the  autumn ;  when  most  plants  are  destitute  of  leaves,  and 
therefore  scarcely  exliale  at  all ;  and  when  the  function  is  per- 
formed with  much  inferior  energy,  in  those  which  possess  them. 

268.  Again,  we  see  the  reasonableness  of  the  practice,  vi^ich 
has  been  long  known  as  a  useful  one,  of  keeping  a  nosegay,  the 
freshness  of  which  it  is  desired  to  preserve,  in  a  dark  room ; 
since  the  check  thus  put  to  the  exhalation  which  takes  place, 
not  only  from  the  leaves,  but  also  firom  the  leafy  surfaces  of 
flowers,  prevents  the  rapid  withering  which  will  otherwise  occur. 
Even  the  light  of  lamps  and  candles  is  to  a  certain  extent 
effectual,  in  maintaining  this  function ;  so  that  this  is  to  be 
avoided,  where,  for  any  particular  occasion,  flowers  which  have 
been  picked  are  to  be  preserved  as  nearly  as  possible  in  their 
previous  blooming  state.  Such  a  plan,  however,  would  prevent 
the  expansion  of  any  buds  which  the  nosegay  might  include ; 
since  this  (both  in  leaf-buds  and  flower-buds)  depends  upon  the 
vigour  with  which  the  process  is  performed,  and  is  hastened 
by  light. 

269.  The  water  exhaled  by  plants  is  very  nearly  pure ;  so 
that  what  is  furnished  by  different  species,  varies  extremely  little 
either  in  taste  or  odour.  It  has  been  remarked,  however,  that 
fluid  thus  obtained  becomes  foul  sooner  than  ordinary  water  ; 
and  this  is  the  case  wherever  organic  matter,  even  in  extremely 
minute  proportion,  is  diffused  through  the  fluid.  The  quantity 
of  solid  matter  contained  in  40  ounces  of  the  liquid,  exhaled 
from  a  Vine  at  the  commencement  of  the  summer,  has  been 
found  to  be  only  two  grains ;    and  no  more  than  this  was  con- 
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tained  in  J 05  ounces,  from  the  same  vine,  at  the  conclusion  of 
the  summer.  Even  these  minute  quantities  are  sufficient  to 
commonicate  a  perceptible  taint,  when  separated  by  their  decay, 
into  the  gases  of  which  they  are  composed,  and  of  which  the 
bulk  is  very  much  greater. 

AJmrption  of  Fluid  by  the  Leavm. 

270.  Although  the  leaves  of  the  higher  plants  are,  without 
doubt,  tlie  special  organs  of  exhalation,  they  also  have  the  power, 
like  the  leafy  surfitoes  of  the  lower  tribes  of  plants,  of  supplying 
fluid  nourishment,  under  peculiar  circumstances,  when  Uie  sys- 
tem requires  it.  It  has  been  already  shown,  that  it  is  only  as 
we  ascend  the  scale,  that  we  begin  to  meet  with  distinct  roots 
for  the  purpose  of  absorption  ; — the  same  general  surface  an- 
swonng  both  purposes  in  the  simplest  tnbes.  And  even  where 
distinct  root-fibres  are  developed,  they  are  often  closely  connected 
with  the  leafy  surface ;  these  fibres  being  sent  off  from  the  under 
side  of  the  leafy  expansion  of  the  Marchantia,  and  often  from  a 
similar  part  in  the  separate  and  delicate  leaflets  of  Mosses. 

271.  It  is  not  to  be  wondered  at,  then,  that  the  leaves  of 
higher  plants  should  be  capable  of  supplying,  in  some  degree, 
the  functions  of  the  roots  ;  when  these  are  absent  or  imperfect,  or 
are  unable,  from  the  nature  of  the  soil  which  surrounds  them,  to 
obtain  a  sufficient  supply  of  fluid  nourishment.  Not  unfrequently 
the  roots,  where  they  exist,  serve  merely  to  fix  the  plant,  finding 
their  way  into  the  crevices  of  the  hard  dry  soil,  or  of  the  barren 
rock,  on  which  it  grows ;  and  then  it  must  be  altogether  de- 
pendent upon  the  moisture  it  imbibes  through  the  general  sur- 
face. In  such  cases  the  function  of  exhalation  is  but  feebly 
performed ;  and  all  the  processes  of  growth  are  proportionably 
slow.  Plants  of  this  description  flourish  best  near  the  sea-shore, 
where  there  is  always  a  certain  amount  of  moisture  in  the  atmo- 
sphere :  and  especially,  too,  in  tropical  regions,  where  the  con- 
stant high  temperature  increases  the  evaporation  firom  the  surface 
of  the  water,  and  at  the  same  time  enables  the  atmosphere  to 
dissolve  a  greater  quantity  of  watery  vapour.  It  is  wonderful 
to  see  the  precipitous  faces  of  rocks  apparently  the  most  barren, 
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stadded  here  and  there  with  plants  of  the  Cachu  and  OrehtM 
tribes ;  the  former  exciting  attention  by  the  brilliancy  of  their 
blossoms,  and  the  latter  by  the  strange  shapes  they  often  pre- 
sent. In  many  of  the  Cacti  growing  in  such  situations,  the 
stems  contain  a  considerable  amonnt  of  fluid;  which,  though 
insipid,  is  wholesome,  and  is  freely  used  as  a  cooling  drink  in 
fevers,  by  the  natives  of  the  countries  in  which  these  plants 
abound. 

272.  Many  of  the  Orckit  tribe  (as  well  as  other  plants)  grow 
entirely  in  the  air ;  spreading  themselves  over  the  surface  of 
trees,  horn  which  their  roots  hang  freely  down  like  fringes.  Such 
attain  their  greatest  luxuriance,  in  the  forests  of  the  tropical 
parts  of  South  America ;  and  here  a  constantly  moist  state  of  the 
atmosphere  is  maintained,  by  the  exhalation  of  the  trees,  upon 
which  they  cluster.     When  grown  in  hot-houses  in  this  country. 


PlO.  73.— •ABRIDBS  AXACRIIOIDBS. 


they  require  that  the  atmosphere  should  be  rendered  artificially 
moist,  as  well  as  warm  ;  and  that  their  roots  should  be  enabled 
to  spread  themselves  freely  through  the  air,  and  should   not  be 
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confined  within  pots.  The  Inxnriance  which  such  plants  often 
exhibit,  sufficiently  proves,  that  the  atmosphere  contains  all  the 
materials,  which  are  necessary  for  the  growth  eyen  of  the  highest 
plants ;  and  that,  if  the  structure  is  adapted  to  imbibe  them  from 
it,  no  other  kind  of  supply  is  necessary. 

273.  A  fact  fiuniliar  to  every  one,  who  has  bestowed  common 
notice  on  the  processes  of  vegetation,  equally  proves  that  the 
leaves,  as  well  as  the  roots,  are  capable  of  absorption.  When 
plants  are  faded  by  the  intense  action  of  light  and  heat,  and  have 
suffered  from  d^ciency  of  water,  they  are  observed  to  revive 
rapidly,  when  their  surfaces  are  moistened,  even  if  no  fluid  have 
been  supplied  to  the  roots.  More  precise  experiments  lead  to  the 
same  result.  It  has  been  found  that  leaves  placed  with  one  of 
tbeir  surfaces  upon  water,  would  remain  fresh  for  several  months ; 
tbe  absorption  through  it  counterbalancing  the  transpiration 
through  the  other.  From  a  considerable  number  of  experiments 
on  different  kinds  (though  this,  again,  is  a  subject  which  any  one 
may  investigate  with  great  ease,  and  with  the  certainty  of  arriving 
at  new  and  interesting  results  with  a  very  little  trouble),  it  seems 
to  be  ascertained,  that  the  leaves  of  trees  and  shrubs  retain 
their  verdure  longest,  when  the  lower  side  is  placed  in  contact 
with  water ;  whilst  the  leaves  of  herbaceous  plants  absorb  most 
readily  by  their  upper  surface,  or  in  an  equal  degree  by  both. 
Thus,  leaves  of  the  White  Mulberry,  placed  with  their  upper 
mde  in  water,  &ded  on  the  fifth  day ;  whilst  those  which  absorbed 
by  the  lower  surface,  remained  fresh  nearly  six  months.  This 
effect,  however,  was  no  doubt  due  in  part,  to  the  greater  degree 
of  obstruction  to  the  loss  of  fluid  by  transpiration,  in  the  second 
case  than  in  the  first ;  the  stomata  being  principally  situated  on 
the  lower  surface.  But  in  experiments  on  other  plants,  in  which 
they  are  similarly  disposed,  the  contrary  result  has  been  observed. 
Thus,  leaves  of  the  Nettle,  whose  inferior  sur&oe  only  was  kept 
moist,  faded  at  the  end  of  three  weeks ;  whilst  others  whose 
upper  surface  was  in  contact  with  water,  lived  for  two  months. 
Distly,  the  leaves  of  the  Sunflower,  Kidney-bean,  Cabbage,  and 
of  many  other  plants,  were  observed  to  remain  fresh  for  the  same 
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length  of  time,   by  wbicheTer  sarface  they  received  their  supply 
of  fluid. 

274.  This  arrangement  is  admirably  adapted,  for  obtaining 
the  greatest  supply  of  the  moisture,  contained  in  the  lowest  layer 
of  the  atmosphere ;  for  when,  by  the  cooling  of  the  earth'^s  sur- 
faee,  which  takes  place  on  a  dear  night,  this  moisture  faUs  in  the 
form  of  dew,  it  will  manifestly  be  received  on  the  upper  sides  of 
the  leaves  of  plants,  which  are  bnt  little  raised  above  the  ground ; 
whilst,  on  the  other  hand,  the  leaves  of  more  elevated  trees  would 
not  benefit  by  this  deposition,  being  situated  above  its  influence  ; 
and  these  would  receive  and  i.nbibe  the  vapour,  as  it  afterwards 
rises  from  the  surface  of  the  moistened  earth.  We  thus  learn 
that,  if  it  be  desired  to  revive  drooping  or  sickly  plants  or  trees 
by  the  application  of  moisture,  the  mode  in  which  it  should  be 
distributed  over  them  will  depend  upon  their  sise ;  if  they  bo 
herbaceous  plants,  they  should  be  watered  from  above ;  and  if 
tliey  be  tall  shrubs  or  trees,  the  water  should  be  tlurown  up  by  a 
syringe  from  below. 

275.  The  absorbing  power  of  leaves  has  been  shown  by  otiter 
satisfactory  experiments.  Some  plants  of  Mercurialis  (  Mercury) 
were  placed  in  water,  some  of  them  being  immersed  by  their 
roots,  and  the  others  touching  it  by  a  part  of  their  leaves  alone, 
a  small  shoot  of  each  being  kept  out,  for  the  purpose  of  compa- 
rison with  the  rest.  After  five  or  six  weeks,  the  shoots  of  the 
plants  which  were  nourished  by  the  leaves,  differed  little  in  vigour 
from  those  which  had  been  supplied  by  the  roots.  Experiments 
upon  single  leaves,  which  ^Ave  ahready  partially  faded,  are  still 
more  striking.  Some  leaves  of  Potamogeion  naians  (Pond-weed), 
after  being  wiped  dry,  were  weighed;  and  after  remaining  out 
of  the  water  for  two  hours,  they  were  found  to  have  lost  from 
3^  to  5^  grains  each.  They  were  then  put  in  water ;  and  after 
the  lapse  of  two  hours  more,  wwre  again  wiped  dry  and  weighed. 
It  was  then  found,  that  they  had  severally  gained  from  3  to  5 
grains  each ;  and  this  increase  (which  was  also  evident  from  the 
restoration  of  their  natural  freshness  and  plumpness)  could  only 
have  taken  place  by  absorption  through  the  cuticle,  as  the  cut 
ends  of  their  footstalks  were  defended  by  soft  cemeut. 
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276.  Other  experiments  show  the  remarkable  influence  of 
dew,  in  supplying  nourishment  to  plants.  Two  similar  leaves  of 
the  Plantago  UmceoUOa  (Ribwort  Plantain),  equally  faded,  and 
each  weighii^g  8  grains,  were  compared ;  one  having  its  footstalk 
immersed  in  water,  and  the  other  being  exposed  to  dew.  On 
the  following  morning,  the  first  had  gained  but  one  grain,  whilst 
the  second  (after  the  adherent  moisture  was  wiped  off)  was  found 
to  hare  gained  a  grain  and  a  half.  A  similar  experiment  was 
then  tried  upon  two  leaves  of  Verhascum  (Mullein),  each  of 
which  weighed  13  grains  in  the  first  instance.  The  one  whose 
footstalk  was  immersed  in  water  gained  2^  grains;  whilst  the 
other  gained  4  grains.  Many  other  experiments  of  a  similar 
kind  might  be  related;  but  these  are  sufficient  to  show,  that 
leaves  whose  tissue  has  been  deprived  of  fluid,  have  the  power 
of  replacing  it  by  absorption  from  water  placed  in  contact  with 
them,  or  from  a  moist  atmosphere.  This  power  is  probably 
exercised,  however,  in  the  majority  of  plants,  only  when  their 
roots  cannot  from  any  cause  obtain  for  them  an  adequate  supply; 
and  at  otlier  times  the  leaves  are  organs  of  exhalation  only. 

277.  The  influence  of  dew  and  of  a  moist  atmosphere  in 
maintaining  vegetation,  is  often  very  remarkable  in  tropical 
islands,  where  no  rain  falls  for  months  together,  and  where  the 
soil  is  so  parched  by  the  burning  sun,  as  scarcely  to  yield  a  par- 
ticle of  fluid  to  the  plants  growing  upon  it.  The  proximity  of 
the  sea  occasions  the  atmosphere  of  these  islands  to  contain  a 
large  quantity  of  vapour,  which,  when  the  temperature  of  the 
soil  falls  at  night,  is  deposited  as  an  abundant  dew ;  and,  incon- 
sequence, they  exhibit  a  luxuriant  vegetation,  under  circumstances 
which  would  cause  an  inland  country  to  appear  completely 
parched.  In  the  year  1840,  the  preservation  of  the  young  com 
during  the  hot  and  dry  month  of  April,  in  many  parts  of 
England,  was  owing  to  the  heavy  dews.  In  consequence  of  the 
wetness  of  the  preceding  autumn  and  winter,  very  little  grain 
had  been  put  into  the  ground  before  Febmary ;  and,  as  there 
was  little  rain  from  that  time,  the  surface  of  the  ground  was  not 
sufficiently  moist,  to  cause  the  rapid  germination  and  growth  of 
the  young  plants.     Towards  the  middle  of  April  the  sun  began 
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to  shine  with  great  power;  and  as  no  rain  fell,  it  was  mncfa 
feared  that  the  young  plants,  not  having  length  enough  of  root 
to  penetrate  deep  into  the  soil,  would  he  starved  for  want  of 
nourishment.  This  was  supplied  to  them,  however,  iy  two  wa3r8 
— ^partly  by  the  dews,  which,  in  consequenoe  of  the  clearness  of 
the  nights,  were  heavy ;  and  partly  by  the  action  of  the  powerful 
sun  upon  the  deeper  part  of  the  soil,  which  had  been  drenched 
(as  it  were)  with  moisture  by  the  rain  of  the  preceding  autumn, 
so  that  when  it  became  heated,  it  sent  up  a  large  quantity  of 
vapour,  which  was  probably  absorbed  both  by  roots  and  leaves. 

278.  This  absorption  of  fluid  by  the  leaves,  I4>pears  to  take 
place  chiefly  through  the  membrane  of  the  cuticle ;  but  more 
particularly  by  the  downy  hairs,  which  seem  to  act  as  so  many 
root-fibres.  They  are  chiefly  developed,  as  already  stated 
(§.  96),  upon  plants  which  grow  in  situations  in  which  they  are 
much  exposed  to  light,  and  to  a  dry  atmosphere ;  whilst  the 
same  species  in  damp  shady  situations  will  not  be  furnished  with 
any.  It  has  been  noticed  that  they  lift  up  their  points,  and 
separate  from  one  another,  at  the  approach  of  the  evening  dew, 
which  collects  in  minute  drops  around  them ;  and  that  they  fall 
down  again,  and  form  a  layer  of  minute  cavities  on  the  cutide, 
as  soon  as  the  heat  of  the  sun  begins  to  be  perceived.  On  com- 
paring the  increase  in  weight  when  exposed  to  dew,  in  plants 
thickly  fumbhed  with  hairs,  and  possessing  few  or  no  stomata, 
with  that  manifested  by  plants  having  a  smooth  surfeuse  and 
many  stomata,  it  is  seen  that  the  former  is  much  the  greatest ; 
and  that  it  also  surpasses,  in  about  the  same  proportion,  the 
weight  gained  by  immersing  the  footstalk  in  water.  Thus  two 
heads  of  Marrtibium  mdgare  (Common  Horehound),  the  original 
weight  of  which  was  15  grains  each,  were  placed,  one  with  its 
stalk  in  the  water,  and  the  other  in  a  place  exposed  to  dew,  for 
a  night;  the  first  was  found  to  have  gained  2  grains,  and  the 
second  5  grains.  Both  were  exposed  to  dew  during  the  next 
night;  and  on  the  following  morning  they  each  weighed  23 
grains,  having  both  gained  8  grains,  of  which  the  first  had 
acquired  6  in  that  night.  A  withered  stem  of  CeroMtmm 
Alpinum  (Alpine  Chickweed)  weighing  5  grains,  gained  6  grains 
by  exposure  to  dew  for  two  nights. 
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On  Re$piratum, 

279.  The  oonoeoiralioii  of  the  crude  sap  by  the  loss  of  its 
superflaons  fluid,  and  the  oooasioiud  absorption  of  what  may  be 
necessary  to  supi^y  the  amount  insufficiently  afforded  by  the 
roots,  are  by  no  means  the  only  functions  of  the  leares ;  nor  can 
they  be  regarded  as  the  most  important.  These  organs  supply 
also  the  means  of  getting  rid  of  a  certain  superfluous  product,  to 
retain  which  within  the  system  (at  least  in  the  form  in  which  it 
is  set  free)  would  be  injurious  and  even  destructive ;  and  they 
serve  the  equally  important  purpose  of  introducing,  from  the  air, 
the  element  which  chiefly  gives  firmness  and  solidity  to  the 
vegetable  tissue. 

280.  It  is  well  known  that,  when  an  animal  is  confined  in  a 
limited  quantity  of  air,  it  soon  vitiates  it,  or  renders  it  unwhole- 
some ;  so  that  free  ventilation,  by  which  the  foul  air  is  replaced 
by  that  which  is  fresh,  is  one  of  the  most  important  means  of  the 
preservation  of  health.  Now  this  change  in  the  air  is  effected 
by  the  removal  of  its  oxygen,  which  is  the  element  that  chiefly 
supports  the  life  of  all  beings ;  and  by  the  substitution  of  car- 
bonic acid  gas  set  free  fit>m  the  lungs  of  the  animal.  Thus  the 
blood  is  purified  by  the  removal  of  a  noxious  ingredient ;  and  is 
rendered  more  capable  of  maintaining  the  life  of  the  system,  by 
receiving  one  of  the  opposite  character ;  and  this  change  is  mani- 
fested in  its  aspect,  as  well  as  in  its  properties, — ^the  dark  purple 
blood  of  the  veins  being  converted,  by  exposure  to  the  action  of 
the  air  in  the  lungs,  into  the  bright  scarlet  fluid  of  the  arteries. 
(See  Anim.  Phtsiol.  Chap,  vi.) 

281.  If  the  carbonic  acid,  which  the  blood  takes  up  in  its 
passage  through  the  vessels  of  the  body,  be  not  set  free  in  this 
manner,  in  consequence  of  any  obstruction  to  the  admission  of 
air  into  the  lungs,  or  other  similar  cause,  the  animal  dies.  The 
throwing-off  this  superfluous  ingredient  is,  indeed,  one  of  the 
most  constant  of  all  the  processes  of  the  animal  economy ;  and 
there  is  good  reason  that  it  should  be  so,  since  it  is  set  at  liberty 
by  the  continual  decay,  to  which  all  parts  of  the  living  body  are 
more  or  less  subject  (the  softer  ones,  however,  much  more  rapidly 
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than  the  hard  ones),  and  which  is  only  prevented  from  becoming 
manifest,  by  tlie  mode  in  which  the  decomposed  particles  are 
thus  se^iarated  and  carried  out  of  the  system,  their  places  being 
supplied  by  others  newly  deposited  from  the  nutritious  €uid. 

282.  Now  this  process  of  Respiration  is  as  constant  and  uni- 
versal in  the  Vegetable  Kingdom  as  it  is  in  the  Animal ;  and  it 
is  only  because  a  change,  apparently  of  a  contrary  nature,  some- 
times obscures  its  efieota,  that  it  is  not  generally  recognised.  In 
fact,  a  healthy  plant  placed  in  a  limited  quantity  of  air,  and  ex- 
posed to  the  usual  amount  of  daylight,  will  (so  long,  at  least,  as 
it  remains  healthy)  add  to  its  purity ;  and  will  even  restore  the 
freshness  of  that,  which  has  been  vitiated  by  an  animal.  But  it 
is  not  the  less  true,  that  there  is  a  comtant  extrication  of  car- 
honxQ  acid ;  for  this  may  be  very  easily  proved  to  take  place, 
even  while  carbon  is  being  absorbed.  I^  for  instance,  a  few 
small  healthy  plants  be  placed  under  a  glass  vessel,  from  which 
all  carbonic  acid  has  been  previously  removed,  and  allowed  to 
remain  there  oven  in  sunlight  for  a  few  hours,  they  will  be 
found  to  have  set  free  a  small  portion  of  carbonic  acid  ;  this  may 
he  detected,  by  shaking  the  air  contained  in  the  vessel  with  some 
lime-water,  which  it  will  render  turbid.  When  the  same  expe- 
riment is  tried  in  the  shade,  or  by  night,  the  quantity  of  carbonic 
acid  found  in  the  air  is  considerably  greater. 

283.  There  are  two  periods  during  the  life  of  a  Plant,  when 
this  liberation  of  carbonic  acid  gas  goes  on  with  great  energy. 
One  is  in  the  GerminaUon  of  the  seed;  and  here  we  can  dis- 
tinctly trace  the  object  which  is  gained,  by  the  abstraction  of  the 
oxygen  from  the  surrounding  air,  and  by  the  conversion  of  it 
into  this  gas  so  opposite  in  its  properties.  In  the  secnl,  when  ap- 
proaching maturity,  a  considerable  quantity  of  starchy  matter  is 
laid  up  for  the  nourishment  of  the  embryo ;  and  this  may  remain 
unaltered  for  a  long  series  of  years,  if  the  seed  be  not  placed  in 
those  conditions  which  excite  it  to  grow.  But  if  it  be  exposed 
to  warmth,  moisture,  and  air  (or  any  mixture  of  gases  contain- 
ing  oxygen),  it  will  sprout  or  germinate.  In  this  process  the 
starch,  which  (while  it  remains  such)  is  unfit  for  the  nourish- 
ment of  the  embryo  that  is  being  developed,  is  converted  into 
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sugar,  which  fonns  an  appropriate  food  for  it.  Had  Sugar  been 
deposited  in  the  first  instance,  it  would  have  probably  undergone 
fermentation,  and  would  have  thus  lost  its  utility,  before  the 
time  came  for  its  office  to  be  performed ;  but  the  deposition  of 
Starchy  which  can  remain  unchanged  for  almost  any  length  of 
time,  and  which  can  at  any  time  be  converted  into  sugar,  secures 
these  objects  in  the  most  effectual  manner.  Starch  differs  but 
little  from  sugar  in  chemical  composition,  except  in  containing 
one  additional  proportion  of  carbon.  When  germination  com- 
mences, oxygen  is  absorbed  by  the  seed,  in  the  substance  of 
which  it  combines  with  the  carbon  that  is  to  be  set  free  from  it; 
and  a  large  quantity  of  carbonic  acid  is  then  given  forth  again  to 
the  air,  whilst,  in  the  same  proportion,  the  starch  is  converted 
into  sugar. 

284.  It  is  in  this  manner,  that  the  nearly  tasteless  barley  is 
changed  into  sweet  malt ;  and  the  change  in  the  air  around,  ex- 
hibits to  us  the  function  of  respiration  in  its  least  complex  form. 
Darkness  favours  it ;  since,  as  will  presently  be  shown,  a  change 
of  contrary  character  is  favoured  by  light  It  is  an  interesting 
fact  that,  after  many  trials,  germination  has  been  found  to  take 
place  most  readily  in  an  atmosphere  consisting  of  1  part  Oxygen, 
and  3  parts  Nitrogen ;  which  is  nearly  the  proportion  of  theso 
ingredients,  in  the  air  we  breathe.  If  the  quantity  of  oxygen  is 
much  increased,  the  seed  loses  its  carbon  too  rapidly,  and  the 
young  plant  is  feeble ;  and  if  the  proportion  is  too  small,  carbon 
is  not  lost  in  sufficient  amount,  and  the  young  plant  is  scarcely 
capable  of  being  roused  into  life. 

285.  The  changes  which  take  place  in  Flowering,  are  very 
similar  to  those  occurring  in  germination.  At  the  bottom  of  the 
flower  is  usually  a  fleshy  expanded  body,  into  which  its  different 
parts  are  inserted  ;  this  is  called  the  disk  or  receptacle.  Here, 
too,  there  seems  to  be  a  sort  of  reservoir  of  starchy  matter,  for  the 
nourishment  of  the  newly-produced  germs ;  which  is  converted, 
as  in  the  other  case,  into  sugar.  A  part  of  this  is  probably  ab- 
sorbed into  the  interior ;  but  the  superfluous  portion  flows  off 
in  the  form  of  honey.  During  the  conversion  of  the  starch  into 
sugar,  a  large  quantity  of  carbonic  acid  is  substituted  for  the 
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oxygeuy  which  is  absorbed ;  and  this  appears  to  be  principally 
effected  by  the  interior  organs  of  the  flower.  It  has  been  found 
that  an  Arum-flower,  whilst  in  bud,  consumed  in  twenty-four 
hours  5  or  6  times  its  bulk  of  oxygen  ;  during  the  expansion  of 
the  flower  30  times;  and  during  its  withering,  6  times.  When 
the  outer  leafy  parts  of  the  flower  were  removed,  it  was  found 
that  the  oxygen  consumed  by  the  interior  organs  was  much 
greater  in  proportion.  In  one  instance,  the  stamens  and  pistQ 
of  an  Arum  consumed  in  twenty-four  hours  132  times  their  bulk 
of  oxygen.  It  has  also  been  observed  that  double  flowers,  in 
which  these  internal  organs  are  replaced  by  leafy  parts,  vitiate 
the  air  much  less  than  the  single  flowers,  in  which  the  former 
are  perfect. 

FixaHan  of  Carbon. 

286.  The  process  of  Respiration,  then,  in  Plants  as  in  Ani- 
mals, appears  essential  to  the  life  and  health  of  the  system ;  and, 
though  more  energetic  at  some  periods  than  at  others,  it  is  con- 
stantly performed.  If  a  plant  be  surrounded  by  an  atmosphere 
already  vitiated,  and  be  secluded  from  the  influence  of  light,  its 
respiration  will  be  (like  that  of  an  animal  in  similar  circum- 
stances) so  much  impeded,  that  its  speedy  death  will  follow. 
But  a  very  different  result  occurs,  if  it  be  exposed  to  strong  or 
even  moderate  daylight.  The  carbonic  acid  of  the  air  will  be 
decomposed  by  the  ^em  parts  of  the  surface  of  the  plant ;  and 
the  solid  carbon  will  hejixed  within  its  tissues,  while  the  oxygen 
will  be  set  free,  so  as  to  restore  the  purity  of  the  air.  It  is  in 
the  performance  of  this  function,  that  the  leaves,  from  the  extent 
of  the  green  surface  they  present,  are  peculiarly  energetic ;  for  in 
that  of  respiration,  they  only  share  with  all  the  rest  of  the  softer 
portions  of  the  exterior ;  and  in  fact  the  dark  surfaces  seem  to 
have  more  to  do  in  it  than  the  light. 

287.  Now  this  Fixation  of  carbon,  as  it  is  termed,  vriiioh 
antagonises  so  remarkably  the  effects  of  the  process  of  respiration, 
may  be  regarded  as  in  some  degree  analogous  to  the  function  of 
digestion  in  animals.  In  the  solid  food  of  all  animals,  whether 
it  be  of  an  animal  ur  vegetable  character,  carbon  is  one  of  the 
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principal  iDgredients ;  and  vegetables  also  require  this,  for  the 
formation  of  their  solid  tissues.  The  proportion  which  they  take 
in  hy  the  roots  is  but  small ;  and  what  ^ey  require  in  addition, 
is  obtained  in  this  manner  firom  the  atmosphere ;  as  they  possess 
no  stomachs,  by  which  it  may  be  introduced  in  a  solid  form  into 
the  system.  It  is,  then,  chiefly  of  the  water  absorbed  by  the 
roots,  and  the  carbon  thus  taken  in  by  the  leaves,  that  the 
elaborated  sap  or  nutritious  juice  of  the  plant  consists ;  and  the 
constant  liberation  of  carbonic  acid  from  the  general  surface,  in 
which  the  process  of  respiration  consists,  appears  more  necessary 
to  preserve  the  healthfulness  of  the  general  83rstem  (by  carrying 
off  what  is  in  a  state  of  commencing  decay),  than  to  change  the 
character  of  this  juice. 

288.  The  proportion  of  carbonic  acid,  in  which  a  healthy 
plant  will  thrive,  under  the  influence  of  strong  sun-light,  is  not 
less  than  7  or  8  per  cent. :  but  a  much  smaller  proportion  than 
this  would  soon  be  fatal  to  it,  if  grown  in  the  shade.  It  is  to  a 
peculiar  compound  formed  in  the  cells  of  the  green  surfaces,  of 
which  the  carbon  introduced  from  the  air  is  an  essential  ingre- 
dimit,  that  the  colour  is  due ;  and  as  this  fixation  can  only  take 
place  under  the  influence  of  sun-light  (artificial  light,  even  the 
most  powerful,  having  no  influence  on  it),  plants  which  grow  in 
dark  situations  are  either  in  part  or  entirely  destitute  of  colour. 
They  are  then  said  to  be  etiolated  or  blanched ;  and  the  effect  is 
purposely  produced  in  many  instances.  If  the  absorption  of 
carbon  from  the  atmosphere  is  checked,  the  fluids  have  a  much 
more  watery  character,  and  do  not  contain  their  peculiar  prin- 
ciples in  nearly  so  much  abundance.  Hence  many  plants,  which 
are  rank  to  the  taste  and  stringy  in  consistence,  when  growing 
in  their  natural  conditions,  may  be  rendered  much  more  palat- 
able by  being  blanched, — neither  the  peculiar  secretions  to  which 
the  rankness  is  due,  nor  the  woody  fibres  which  occasion  its 
toughness,  being  then  formed  in  the  same  degree.  For  this 
reason  it  is  that  Celery,  Sea-kale,  and  many  other  vegetables 
are  blanched, — earth  being  heaped  over  their  young  shoots,  so 
as  to  keep  them  from  the  light.  As  exhalation  will  also  be 
checked  by  the  same  process,  the  tissue  becomes  distended  with 
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fluid,  and  acquires  that  succulence  or  juiciness,  which  is  so  much 
valued  in  such  vegetables. 

289.  But  though  the  bulk  of  plants  which  are  undergoing 
this  treatment,  maj  considerably  increase,  yet  the  weight  of  their 
ioUd  contents  diminishes ;  for  during  the  whole  period,  respiration 
is  going  on;  and,  as  there  is  thus  a  constant  loss  of  carbon,  whilst 
little  or  none  is  introduced,  it  follows  that,  if  the  tissues  were 
dried  by  heat,  they  would  shrink  to  less  than  their  former  amount. 
This  is  found  to  be  the  case ;  and  it  is  also  true  of  a  seed  in  the 
process  of  sprouting  or  germinating,  which  constantly  diminishes 
in  the  weight  of  its  solid  contents,  up  to  the  time  when  some  of 
the  new-formed  leafy  surfaces  become  green,  and  begin  to  absorb 
carbon  from  the  atmosphere. 

290.  At  this  period  of  the  growth  of  the  young  plant,  it  may 
be  regarded  as  having  a  curious  analogy  with  the  tribe  of  Fungi. 
Both  are  supplied  with  nutriment  already  organised ;  for  whilst 
the  one  has  it  previously  stored  up  by  its  parent,  the  other  receives 
it  from  the  decomposing  matter,  upon  which  alone  it  can  grow. 
Both  are  developed  most  rapidly  and  luxuriantly  in  the  absence 
of  light,  if  well  supplied  at  the  same  time  with  warmth  and 
moisture.  And  the  Fungi,  like  the  germinating  seed,  give  out 
a  large  quantity  of  carbonic  acid  to  the  atmosphere,  without 
receiving  any  carbon  from  it ;  since  the  peculiar  character  of  the 
aliment  they  imbibe  by  their  roots,  renders  any  additional  sup- 
ply of  this  ingredient  unnecessary.  In  the  Fungi,  therefore,  we 
have  the  process  of  respiration  as  distinct  and  easily  under- 
stood, as  in  Animals, — both  classes  of  being  subsisting  upon 
food  already  organised,  in  which  there  is  a  large  proportion  of 
carbon. 

291.  The  process  of  digestion  is  confined,  as  before  stated,  to 
the  leaves,  and  to  those  green  surfaces  of  plants,  which  corre- 
spond with  them  in  function  ;  but  that  of  respiration^  although 
performed  by  the  leaves  more  energetically  than  by  any  other 
part  (at  least  during  the  ordinary  process  of  growth),  is  not 
restricted  to  them,  but  is  partially  efiected  by  the  other  surfaces, 
and  even  by  the  roots.  The  knowledge  of  this  fact  is  important ; 
since,  through  ignorance  of  it,  much  valuable  timber  has  been 
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destroyed.  Several  years  ago,  daring  alterations  in  Hyde  Park, 
a  considerable  depth  of  soil  was  added  to  a  part  of  it,  in  which 
grew  some  fine  elm-trees ;  the  trunks  of  these  were  protected 
from  pressure  by  circular  walls,  but  at  a  little  distance  ft-om 
them ;  nevertheless,  the  trees  languished  and  died.  Now  the 
reason  of  this  was  simply,  that  the  roots  being  covered  with  too 
great  a  depth  of  earth,  could  not  exercise  their  usual  function  of 
respiration ;  to  perform  which,  they  seem  generally  to  durect 
their  course  as  near  the  surface  of  the  ground,  as  is  consistent 
with  the  support  they  have  to  afford  to  the  plant. 

Influence  (/  Vegetaiidn  en  the  Atmosphere* 

292.  Much  discussion  has  taken  place  upon  the  question, 
whether  or  not  vegetation  is  upon  the  whole  serviceable  in  purify- 
ing the  air ; — ^that  is,  whether  plants  do  altogether  give  out  most 
carbonic  acid,  or  most  oxygen,  to  the  atmosphere.  By  Priestley  it 
was  maintained,  that  the  latter  was  the  only  efiect  of  vegetation ; 
and  that  Plants  and  Animals  are  thus  constantly  effecting  changes 
in  the  atmosphere,  which  counterbalance  one  another.  Subse- 
quent experiments  seemed  to  show,  however,  that  the  carbonic 
acid  given  out  during  the  night,  might  equal  or  even  exceed  in 
amount  the  oxygen  given  out  by  day  ;  but  this  was  probably 
due  to  the  employmemt  of  plants,  which  had  become  unhealthy 
by  being  kept  in  a  limited  quantity  of  air,  and  which  had  not 
been  exposed  to  a  fair  degree  of  light.  For  it  has  been  recently 
shown  by  Dr.  Daubeny  of  Oxford,  that  in  fine  weather,  a  plant 
consisting  chiefly  of  leaves  and  stems,  if  confined  in  a  capacious 
vessel,  and  duly  supplied  with  carbonic  acid  during  sunshine,  as 
&st  as  it  removes  it,  will  go  on  adding  to  the  proportion  of 
oxygen  present,  so  long  as  it  continues  healthy; — the  slight 
diminution  of  oxygen  and  increase  of  carbonic  acid,  which  take 
place  during  the  night,  bearing  no  considerable  proportion  to  the 
degree,  in  which  the  contrary  effect  occurs  by  day. 

293.  Thus  we  see  that  *^  the  two  great  organised  kingdoms 
of  nature  are  made  to  co-operate  in  the  execution  of  the  same 
design ;  each  ministering  to  the  other,  and  preserving  that  due 
balance  in  tlic  constitution  of  the  atmosphere,  which  adapts  it 
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to  the  welfare  and  activity  of  ereiy  order  of  beings,  and  which 
would  soon  be  destroyed,  were  the  operations  of  any  one  of  them 
to  be  suspended.  It  is  impossible  to  contemplate  so  special  an 
adjustment  of  opposite  effects,  without  admiring  this  beautiful 
dispensation  of  Providenoe :  extending  over  so  vast  a  scale  of 
being,  and  demonstrating  the  unity  of  plan  upon  which  the  whole 
system  of  organised  creation  has  been  devised.** 

294.  And  yet  Man,  in  his  ignorance,  and  his  thirst  for  worldly 
gun,  has  done  his  utmost  to  destroy  this  beautiful  and  harmoni- 
ous plan.  It  was  evidently  the  intention  of  the  Creator,  that 
Animal  and  Yegetable  life  should  everywhere  exist  together ;  so 
that  the  banefiol  influence  which  the  former  is  constantly  exer- 
cising upon  the  air,  whose  purity  is  so  essential  to  its  mainte- 
nance, should  be  counteracted  by  the  latter.  Nothing  is  more 
prejudicial,  therefore,  to  the  health  of  a  large  population,  than 
the  close  packing  which  too  many  of  our  cities  exhibit;  hundreds 
of  thousands  of  men^  with  manufactories  of  all  kinds,  the  smoke 
and  vapours  of  which  are  still  more  injurious  than  the  foul  air 
produced  by  their  own  respuration,  being  crowded  together  in  the 
smallest  possible  compass,  with  scarcely  the  intervention  of  an 
open  space  on  which  the  light  and  air  of  heaven  may  freely  play, 
and  without  any  opportunity  for  the  growth  of  any  kind  of  vege- 
tation, sufficiently  luxuriant  to  give  pleasure  to  the  eye,  or  suffi- 
ciently energetic  to  answer  its  natural  purpose.  For  the  dose 
confined  air  of  towns  is  almost  as  injurious  to  plants  as  to 
animals  ;  the  smoke  which  is  continually  hovering  above  them, 
prevents  their  enjoyment  of  the  clear  bright  sunshine  which  they 
require  for  their  health  ;  and  the  fine  dust,  that  is  so  constantly 
floating  in  the  atmosphere,  covers  over  their  surfaces,  and  clogs 
up  their  pores. 

295.  Hence  the  low  stunted  dingy  vegetation,  which  the 
squares  and  open  spaces  of  some  of  our  large  towns  exhibit,  is  of 
little  service ;  but  extensive  areas  fit  for  the  growth  of  lofty 
trees,  are  so  beneficial  in  such  situations,  that  they  have  been 
called  the  hmgi  of  large  cities, — so  important  is  the  purification 
of  the  air  which  they  effect.  It  is  true  that  they  may  occasion 
some  degree  of  dampness  in  the  immediate  neighbourhood ;  but 
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this  evil  is  much  more  than  counterbalanced  by  the  good  they 
effect ;  so  that  the  cutting  down  of  a  tree  in  the  midst  of  a  large 
town,  without  some  very  strong  reason,  should  be  regarded  as 
an  offence  not  easily  to  be  atoned  for.  It  is  much  to  be  wished, 
that  the  law  of  the  land  required  such  an  open  space  to  be  set 
apart,  wheneTer  the  population  of  an  extending  town  or  district 
increases  beyond  a  certain  amount. 

296.  There  is  good  reason  to  believe,  that  Confervee  and 
other  aquatic  plants  exercise  a  similarly  important  influence,  in 
keeping  the  water  they  inhabit  in  a  state  fit  for  the  support  of 
animal  life ;  since  it  appears  probable,  that  they  absorb  the  pro- 
ducts of  the  decomposition  of  that  foul  matter,  by  which  all 
ponds  and  streams  are  constantly  being  polluted ;  and  that  at 
the  same  time  they  yield  a  supply  of  oxygen  to  the  water.  It 
is  a  fact  well  known,  that  Fishes  are  never  so  healthy  in  reser- 
voirs destitute  of  aquatic  plants,  as  in  those  in  which  they 
abound.  The  lower  Cryptogamia  appear  to  flourish  better  than 
higher  plants  would  do,  when  supplied  with  a  large  quantity  of 
carbonic  acid,  whilst  the  amount  of  light  they  receive  is  but 
moderate.  In  the  lake  Solfatara  in  Italy,  are  several  floating 
ishinds,  consisting  chiefly  of  Conferv89  and  other  cellular  plants  ; 
which  are  copiously  supplied  with  nutriment  by  the  carbonic 
add,  that  is  constantly  escaping  from  the  bottom  of  the  lake, 
with  a  violence  which  makes  the  water  appear  as  if  boiling. 

297.  Under  favourable  circumstances,  too,  the  highest  plants 
are  able  to  continue  appropriating  a  larger  proportion  of  carbon 
than  that  commonly  existing  in  the  air.  The  vegetation  around 
the  springs  in  the  valley  of  Gottingen,  which  abound  in  carbonic 
add,  is  very  rich  and  luxuriant ;  appearing  several  weeks  earlier 
in  spring,  and  continuing  much  later  in  autumn,  than  at  other 
spots  of  the  same  district.  But  it  is  probable  that,  taking  the 
average  of  the  whole  globe  and  of  all  seasons,  the  quantity  of 
carbonic  acid  commonly  existing  in  the  air,  is  that  which  is 
most  adapted  to  maintain  the  life  of  the  race  of  Plants  at  present 
inhabiting  its  surface,  as  well  as  to  interfere  as  little  as  possible 
with  the  well-being  of  the  Animal  creation. 

298.  It  is  not  improbable,  however,  that,  in  former  epochs 
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of  the  earth^s  history,  a  much  larger  amount  of  carbonic  acid 
existed  in  tlie  atmosphere.  At  the  time  of  the  existence  of  those 
vast  pine-forests,  which,  in  their  decomposed  state,  supply  as 
with  such  an  enormous  amount  of  that  most  valuable  article  of 
England'^s  wealth — coal — an  article  more  really  valuable  to  her 
than  the  mines  of  Peru, — scarcely  any  land  animals  seem  to 
have  existed  ;  and  these  were  of  kinds,  which  are  now  found  to 
be  capable  of  breathing  a  comparatively  impure  air.  The  great 
luxuriance  of  these  forests,  as  indicated  by  the  vast  amount  of 
their  remains,  and  by  more  perfect  specimens  which  have  been 
preserved  to  us,  has  led  to  the  opinion  that,  at  the  period  of  their 
growth,  more  carbonic  acid  existed  in  the  atmosphere  than  at 
present;  and  that,  in  fact,  it  has  from  that  time  been  gra- 
dually undergoing  purification,  by  the  processes  of  vegetable 
growth :  and  has  at  last  become  fit  for  the  residence  of  the  higher 
animals. 

Return  of  the  Elabof^ated  Sap. 
299.  The  crude  eap  is  brought  into  the  leaves,  by  the  vessels 
which  are  connected  with  the  woody  portion  of  the  stem  ;  and 
these  branch  out  and  subdivide  in  the  veins,  so  as  speedily  to 
distribute  the  fluid  over  the  whole  surface.  After  undergoing 
the  various  changes  now  described,  it  is  collected  again  by  a 
system  of  vessels,  which  lie  nearer  the  lower  surface,  and  which 
communicate  with  the  bark.  These  are  principally  of  the  kind 
formerly  described  as  vetieU  of  the  latex;  and  through  these  the 
descending  sap,  now  completely  changed  in  its  properties,  is 
returned  to  the  stem.  This  fluid  contains  the  materials  of  all 
the  products  of  the  vegetable  system  ; — the  elements  of  the  or- 
ganised tissues,  the  secretions  which  give  solidity  and  toughness 
to  the  wood,  those  which  occasion  the  delicious  odours  that  so 
abound  among  plants,  and  those  which  supply  so  many  useful 
and  important  products,  with  which  the  comfort  and  luxury  of 
Man  are  largely  connected.  All  these  are  entirely  dependent 
on  the  action  of  the  leaves ;  and  the  action  of  the  leaves  is 
dependent  upon  the  supply  of  that  amount  of  light  and  heat,  but 
especially  the  former,  which  each  species  of  plant  requires. 
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300.  It  not  nnfreqnently  happens  that  a  pUint  will  qtqw 
under  a  oonsiderahle  change  of  circumstanoes ;  hut  will  not  form 
its  peculiar  products  in  anything  like  the  same  perfection,  as  in 
its  natural  condition.  Thus,  Tohaoco  may  he  raised  in  this 
country,  but  it  is  &r  inferior  to  that  of  wanner  and  more  sunny 
climes ;  as  is  also  the  scent  of  the  Rose,  which  does  not  here 
furnish  enough  of  the  very  fragrant  oil  termed  Otto  of  Roses,  to 
make  it  worth  while  to  cultiyate  the  plant  for  this  purpose, 
although  the  oil  is  imported  frt>m  the  East  at  an  enormous  price. 
On  the  other  hand,  the  common  LaTender  is  moie  fragrant  in 
this  country,  than  in  the  South  of  Europe.  In  general,  plants 
grown  in  warmer  climates,  where  the  sky  is  less  douded,  form 
secretions  more  aotiTO  in  every  respect  than  those  of  temperate 
regions ; — substances,  for  example,  which  are  more  powerful  as 
medicines,  or  which  have  stronger  and  brighter  colours,  such  as 
make  them  usefrd  as  dyes. 


IkicdofmBM  and  Death  of  Leavei. 
301.  When  leayes  are  first  produced, 
they  are  small,  very  delicate  in  texture, 
pale  in  colour,  and  packed  very  closely  to- 
gether, forming  what  is  called  a  leaf-bud. 
Some  of  the  outer  ones  are  of  firmer  tex- 
ture and  darker  colour,  and  fold  over  each 
other  like  the  tiles  on  the  roof  of  a  house, 
so  as  to  protect  the  soft  and  delicate  organs 
within.  These  are  commonly  termed  ical^y 
being  often  very  different  firom  the  true 
leaTcs  in  aspect;  but  there  is  no  real  dis- 
tinction between  them ;  for,  on  opening  the 
bud,  it  is  easily  seen,  that  their  inner  layers 
gradually  approach  the  true  leaves,  in  ap- 
pearance as  well  as  in  structure,  and  at  last 
pass  almost  imperceptibly  into  them.  The 
young  leaves  are  most  beautifully  folded 
together,  in  such  a  manner  as  to  occupy  the  T"^^|^  ■"  aiwayt 
lea^t  posnble  space ;  and  the  peculiar  mode 


Fio.  74.  —  Lbaf-bud<4 
ABOiT  TO  vnwoLD ;  a,  <i* 
marks  of  the  attw^mcnt 
of    leareB,     Just     above 


dereldped. 
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in  which  this  is  done,  varies  in  different  tribes  of  pUints.  Any 
one  may  examine  it,  with  the  certainty  of  finding  ^riiat  will 
greatly  interest  him,  by  cutting  across  the  leaf-buds  with  a  sharp 
knife,  when  they  are  swelling,  but  befoie  they  have  begun  to 
expand.  The  outer  scales  are  sometimes  coTered  with  a  thick 
down,  which  may  serve  as  a  protection  to  them  against  the 
cold ;  and  sometimes  they  are  coated  over  with  a  ^aey  sub- 
stance, as  in  the  horse-chesnut,— whidi  seems  a  very  efficient 
guard. 

302.  Theyonng  leaves,  in  most  leaf-bods,  may  be  easily  ob- 
served to  be  arranged  around  a  common  centre  or  axis.  When 
the  bud  lengthens,  the  insertions  of  the  leaves,  which  were  at 
first  dose  together,  are  separated  by  the  lengthening  of  the  brandi 
which  bears  them  ;  and  they  then  generally  assume  something 
of  a  flpiral  or  ratlier  a  eark$crmO'lik$  arrangement  round  it,  which 
is  often  very  apparent.  In  hct  this  may  be  regarded  as  the 
regular  mode  in  which  leaves  are  arranged  upon  any  part  of  the 
stem  or  branches  of  a  tree.  Starting  from  any  one  leaf^  we 
shall  generally  find  the  next  leaf  not  exactly  above  or  below  that 
one,  but  a  little  to  one  side  of  the  perpendiouUtr ;  the  next  a 
little  to  one  side  of  that ; — and  so  on,  until  we  come  directly 
over  the  one  from  which  we  set  off.  We  shall  have  thus  made  a 
spiral  round  the  stem ;  and  the  number  of  leaves  we  meet  with 
in  its  course,  varies  in  different  species  of  plants.  Sometimes  it 
amounts  to  twenty  or  more.  Sometimes  we  only  find  two ;  in 
this  case  each  leaf  is  nearly  on  the  opposite  side  of  the  stem  from 
the  other,  but  higher  up  or  lower  down.  Leaves  are  said  in  all 
these  cases  to  be  aUemais.  The  point  of  the  stem  from  which  a 
leaf  originates,  is  called  a  node;  and  the  space  between  two 
nodes  is  called  an  intemode. 

303.  Now  although  it  may  be  considered  as  the  regular  kind 
of  growth,  for  a  branch  to  lengthen  equally  throughout,  yet  we 
not  nnfrequently  meet  with  varieties  in  the  arrangement  of 
leaves,  occasioned  by  the  cessation  of  growth  at  particular  points. 
Th-js,  if  the  intemode  between  any  two  alternate  leaves  is  not 
developed,  the  leaves  will  be  opposite  to  each  other.  Again, 
where  each  spiral  turn  contains  several  leaves,  if  all  the  inter- 


Digitized  by  VjOOQ IC 


ARRANGEMENT  OP  LEAVES  UPON  THE    AXIS.  195 

nodes  between  the  highest  and  lowest  be  nndeveloped,  these 

leaves  will  arise  from  the  same  point  of  the  branch,  still  growing, 

however,  in  their  proper  directions ;  so  that  a  complete  circle  of 

leaves,  resembling  that  of  the  leafy  parfcs  of  a 

regular  flower,  wiU  be  produced ;  this  is  called  a 

wkorl  or  rerttcU.    In  some  instances,  however,  it 

woald  perhaps  be  more  proper  to  consider  these 

as  leaflets, — parts  of  one  leaf;  or  as  so  many 

leaves  upon  one  node  of  the  stem.     Of  such,  an 

example  is  seen  in  Fig.  75.     There  are  some  ^to.  75. 

plants  which  exhibit  the  true  spiral  arrangement, 

as  their  regular  mode  of  growth  ;  others  in  which  we  constantly 

find  the  leaves  opposite;   and  in  some  they  are   always  ver- 

ticillate. 

304.  But  there  are  many  species,  which  present  difierenees 
in  the  arrangement  of  the  various  parts  in  the  same  individual, 
according  to  the  circumstances  under  which  each  part  has  been 
developed ;  and  it  is  by  such  examples  that  we  are  able  to  dis- 
cern the  connection  between  the  several  modes  of  growth.  Thus, 
in  the  Rhododendron^  we  find  the  leaves  sometimes  opposite, 
sometimes  alternate.  In  the  Honeymekle^  the  leaves  are  natu- 
rally opposite ;  but  the  pairs  are  broken  up,  and  the  leaves  car- 
ried to  a  distance  from  one  another,  by  anything  which  causes 
an  increased  development  of  the  stem  ;  just  as  when  any  leaf- 
bud  (which  has  the  young  leaves  arranged  in  a  series  of  whorls, 
one  above  or  within  another)  is  elongated  into  a  branch.  On  the 
other  hand,  in  the  Strawberry^  the  leaves  which  are  usually 
alternate,  become  opposite  or  whoried  at  intervals.  It  is  to  be 
remarked  that,  when  leaves  are  opposite,  the  several  pairs  are 
not  in  a  line  with  one  anotiier  above  and  below;  but  each  is  at 
right  angles  to  the  next ;  so  that,  if  the  intemode  between  two 
pairs  were  undeveloped,  a  whorl  of  four  leaves  would  be  pro- 
duced. Again,  when  one  whorl  is  developed  near  another,  their 
leaves  do  not  issue  from  corresponding  points  in  the  stem,  but 
are  arranged  in  such  a  manner  that  the  leaves  of  one  arise  from 
what  seem  to  be  the  inUrvali  of  those  of  the  other,  so  that  the 
whorls  are  aUemate  to  each  othw.    The  knowledge  of  this  fact 
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will  be  seen  to  be  important,  when  the  stracture  of  the  flower  m 
deeeribed ;  as  it  will  then  be  shown,  that  its  seyeral  parts  are 
arranged  upon  the  same  principle  with  leaves! 

305.  It  is  by  the  development  of  leaf-bnds  into  branches 
bearing  leaves,  and  capable  of  producbg  flowers  and  froit,  that 
the  tree  or  plant  is  increased  in  size.  The  leaf-bud  has  also  the 
power  of  developing  roots,  if  removed  from  the  parent,  and  may 
thns  form  a  completely  indq)endeni  stmctore.  It  is  by  sepa- 
rating the  bnds,  and  by  placing  these  in  circumstances  favour- 
able to  their  growth,  that  any  particular  variety  of  plant  may  be 
propagated  more  certainly  than  by  seeds.  Even  whilst  still  re- 
maining attached  to  each  other,  the  leaf-buds  not  unfrequently 
become  really  independent  of  each  other  and  of  the  parent ; 
those,  for  instance,  which  are  formed  at  the  end  of  the  runner  or 
creeping  stem  of  the  Strawberry,  send  down  roots  into  the  soil, 
and  thus  absorb  their  nourishment  directly  from  it  As  every 
bud  is  capable  of  maintaining  an  independent  existence,  it  may 
be  regarded  as  in  some  degree  a  distinct  individual ;  and  thus  a 
tree  would  not  be  one  being,  but  a  collection  of  many.  Thia  is 
in  part  true ;  still  it  must  be  remembered  that,  while  all  re- 
maining upon  one  stem,  the  buds  are  almost  entirely  dependent 
upon  it  for  nourishment,  and  are  all  liable  to  be  influenced  in  the 
same  manner,  by  any  circumstances  whi  h  affect  it. 

306.  Still  it  is  quite  possible  for  some  buds  to  live  while 
others  die.  Thus  if  arsenic  be  introduced  into  any  portion  of 
the  sapwood,  it  will  give  such  a  poisonous  character  to  the  fluid, 
that  all  the  buds  and  branches  in  the  line  above  it  will  be  killed, 
the  others  remaining  unaffected.  It  has  even  occurred,  that  a 
single  bud  at  the  summit  of  a  stem  has  preserved  its  life,  whilst 
the  vitality  of  all  the  others,  and  of  the  stem,  has  been  in  some 
manner  destroyed ;  and  that  from  this  bud  have  been  sent  down 
bundles  of  root-fibres,  between  the  bark  and  wood  of  the  dead 
stem,  which,  when  they  have  reached  the  ground,  afforded 
abundant  supplies  of  nutriment  to  the  expanding  bud ;  and  this 
has  subsequently  grown  into  a  perfect  tree,  enclosing  the  original 
dead  stem  within  its  trunk.  The  original  root-fibres  are,  in 
audi  a  case,  surrounded  in  the  ensuing  year  by  another  layer 
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iDore  resembling  wood,  and  this  in  tlie  next  season  by  another ; 
so  that  this  portion  of  the  structnre,  like  the  aerial  roots  of  the 
Pandanus,  may  be^regarded  in  the  light  either  of  stem  or  roots, — 
an  idea  which  may,  perhaps,  be  applied  to  the  woody  stem  in 


Pio.' 78— Obioin  or  BiuKCHBa 
branch  originating  in  the  first  year. 


307.  Leaf-bnds  are  always  formed  from  the  <^tf2ar  portion 
of  the  stem  or  branches,  on  which  the  function  of  extending  the 
growth  of  the  individual  seems  especiaUy  imposed.  They  may 
be  distinctly  traced,  in  young 
branches,  to  the  pith ;  and  where 
this  has  dried  up,  they  may  be 
seen  to  arise  from  the  medullary 
rays.  Sometimes  they  are  stunted 
in  their  growth,  and  instead  of 
being  developed  into  branches, 
they  remain  as  thorns;  which  are 
neither  more  nor  less  than  short 
pointed  branches,  containing  much  ^^'^^  '^™  ^e  p*'h ;  b,  a  bud  ori- 

,  ,        ,        ^  „  ,  .  1      ginating  from  the  cellular  portkm  of 

dense  woody  structure   (by  which    the  third  woody  layer. 

they     are     rendered     extremely 

strong),  and  being  destitute  of  leaves.  Any  one  may  satisfy 
himself  of  this,  by  looking  at  the  common  Black-thorn,  in  which 
many  intermediate  conditions  may  be  seen.  Now  under  culti- 
vation, these  undeveloped  buds  may  be  caused  to  become  fertile 
branches ;  and  this  is  another  of  the  modes  in  which,  in  Lin- 
nsBUs's  phrase,  "  wild  fruits"  may  be  "  tamed."  (§.  236.)  There 
are  no  thorns  stronger  than  those  of  the  Acacia  tribe,  which  are 
sometimes  5  or  6  inches  long,  formed  with  great  regularity,  and 
strong  in  proportion.  The  plants  which  bear  them  are  often 
encouraged  to  grow  in  the  East,  for  the  purpose  of  forming 
hedges,  which  serve  most  effectually  to  keep  out  intruders,  unless 
these  are  covered  vrith  some  almost  impenetrable  envelope. 

308.  The  influence  of  light  upon  the  green  colour  of  the 
leaves  is  remarkably  shown,  when  the  buds  are  unfolding.  The 
stronger  the  sunshine,  the  sooner  will  they  assume  their 
characteristic  hue ;  and,  on  the  other  hand,  in  dark  dull  weather 
they  will  remain  for  days  together,  almost  of  the  same  colour  as 
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before  they  expanded.  The  following  is  an  example  of  this  fact, 
more  remarkable  than  is  ever  seen  in  this  country.  *^  It  fre- 
quently happens  in  America,  that  clouds  and  rain  obscure  the 
aimo^phere  Cor  several  days  together ;  and  that,  daring  this  time, 
the  buds  of  entire  forests  expand  themselves  into  leaves.  These 
leaves  assume  a  pallid  hne  until  the  sun  appears ;  when,  within 
the  short  period  of  six  hours  of  a  dear  sky  and  bright  sunshine, 
their  colovr  is  changed  to  a  beautiful  green."  One  writer  men- 
tions a  forest  on  which  the  sun  had  not  shone  for  twenty  days. 
*^  The  leaves  during  this  period  were  expanded  to  their  full  size, 
but  were  almoit  whUe.  One  forenoon,  the  sun  began  to  shine  in 
full  brightness;  the  colour  of  the  forest  absolutely  dianged  so 
fast,  that  we  oould  perceive  its  progress.  By  the  middle  of  the 
afternoon,  the  whole  of  this  extensive  forest,  many  miles  in 
length,  presented  its  usual  summer  dress." 

309.  The  influence  of  light  b  also  shown,  in  modifying  the 
direction  of  the  stem.  Where  a  plant  sends  forth  a  single  stem 
or  shoot,  it  will  always  direct  itsdf  towards  the  light ;  and  this 
is  especially  manifested,  where  the  light  comes  in  only  one  direc- 
tion, as  when  a  Potato,  which  has  begun  to  grow  in  a  cellar, 
sends  a  shoot  of  several  feet  in  length  towards  any  aperture, 
through  which  even  a  small  quantity  of  light  finds  admission. 
The  reason  obviously  is,  that,  in  consequence  of  the  loss  of  fluid 
from  the  tissue  of  the  stem,  on  the  aide  on  which  the  light  falls, 
it  is  contracted,  whilst  that  of  the  other  side  remains  turgid  with 
fluid ;  the  stem  makes  a  bend,  therefore,  until  its  growing  point 
becomes  opposite  to  the  light,  and  then  increases  in  that  direction. 
Should  any  obstacle  divert  it,  the  same  cause  will  bring  it  back. 

310.  The  direction  of  the  branches  of  trees  growing  in  open 
spaces,  is  less  influenced  by  light ;  since  the  rays  of  the  sun  exert 
a  much  inferior  power  in  this  respect,  when  they  are  reflected 
from  clouds  and  other  objects,  so  as  to  form  what  is  commonly 
termed  ^*  diffused  daylight.^  It  is  a  curious  fact,  however,  that 
there  seems  a  tendency  in  almost  every  growing  tree,  to  send  its 
principal  trunk  directly  upwards.  Experiments  have  been  made 
for  the  purpose  of  changing  this.  For  instance,  the  stem  has 
been  bent  much  out  of  the  perpendicular,  by  means  of  a  rope 
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tied  round  its  sammit,  and  bas  been  kept  so  for  a  long  period. 
Tlie  plant  would  then  push  up  tkai  one  of  the  side-shoots,  which 
is  most  nearly  in  the  line  of  the  trunk  ;  and  this,  increasing  in 
length  and  diameter  in  snooessive  jears,  will  gradually  present 
more  and  more  the  appearanoe  of  a  continuation  of  the  lower 
part  of  the  stem ;  whilst  that  which  was  bent  down,  presents 
the  aspect  of  a  branch. 

311.  The  same  means  is  adopted,  to  repair  a  natural  injury. 
Thus,  the  upper  half  of  a  hurge  elm  tree,  which  had  a  long 
straight  trunk,  the  bwer  half  being  witliout  branches,  was  broken 
off  by  a  violent  gust  <^  wind.  From  the  complete  absence  of 
leaves  in  the  trunk  that  remained,  it  was  not  expected  to  survive ; 
but,  being  in  full  sap  at  the  time,  the  abundant  nourisliment  it 
contained,  occasioned  the  development  of  buds  which  were  pre- 
viously inactive;  and  a  great  number  of  small  branches  soon 
issued  from  the  stump.  Of  these,  the  upper  ones  have  grown 
most  rapidly ;  and  the  two  highest,  which  were  at  first  nearly 
horizontal,  have  gradually  changed  their  direction,  so  as  to  follow 
the  line  of  the  upright  stem  ;  and  it  now  seems  as  if  the  trunk 
had  originally  divided,  at  that  point,  into  two  minor  ones, — so 
completely  has  all  appearance  of  the  accident  been  lost. 

312.  Tlie  leaves  of  all  plants  have  a  very  limited  term  of 
existence*  In  temperate  climates,  most  trees  shed  tliem  during 
the  autumn,  and  pass  tlie  winter  in  a  state  of  complete  inactivity. 
Before  they  fall  off,  the  leaves  usually  change  colour, — some- 
times very  decidedly,  as  do  those  of  the  Beech ;  and  it  has  been 
ascertained  that  at  this  period  they  absorb  more  oxygen,  and  give 
out  more  carbonic  acid,  which  indicates  Uieir  commencing  decay. 
This  absorption  of  oxygen  has  been  sliown,  by  experiment,  to  be 
the  immediate  cause  of  the  change  of  colour ;  ance  the  green 
matter  of  leaves,  when  acted  on  by  substances  which  readily 
yield  ')xygen,  is  found  to  exhibit  it  The  separation  of  tiie  leaf 
from  the  stem,  is  probably  due  to  several  causes.  During  the 
latter  part  of  the  summer,  some  of  the  vessels  become  clicked 
up  wiUi  solid  matter ;  and  those  which  proceed  from  tiie  interior 
ol  the  trunk,  are  overstrained  by  the  addition  to  its  diameter 
which  has  taken  place,  so  that  they  are  easily  ruptured.    Tlie 
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tissues  of  the  leaf  itself,  too,  are  gradually  dried  np ;  and  the 
whole  stmcture  loees  its  yitalitj,  and  is  cast  off,  as  a  dead  part 
is  from  the  hody  of  an  animal. 

313.  Trees  and  shmhe,  which  are  spoken  of  as  eyergreens, 
do  not  really  retain  their  leayes  for  more  than  a  year ;  hut  they 
are  not  cast  off  until  a  new  crop  appears ;  and  tiie  exchange  does 
not  take  place  suddenly  hut  gradually,  so  that  the  aspect  of  the 
tree  never  undergoes  much  alteration.  In  eyergreens,  the  func- 
tions of  the  leaves  are  carrkd  on,  though  with  great  languor, 
during  winter ;  hut  at  other  parts  of  tiie  year  they  are  less  active 
than  those  of  the  species  which  lose  their  leaves  in  autumn. 
There  are  some  trees  of  tropical  climates,  which  completely  lose 
thdr  leaves  two  or  three  times  in  every  year,  appearing  as  hare 
as  in  winter ;  and  these  are  speedily  replaced  hy  a  new  crop.  It 
is  prohahle  (though  it  has  not  heen  certainly  ascertained)  that  in 
such  trees,  a  new  woody  layer  would  he  formed  hy  every  crop  of 
leaves.  In  very  hot  and  dry  summers  of  this  country,  trees 
have  heen  completely  stripped  of  their  foliage  eariy  in  July,  and 
have  had  strength  to  put  forth  a  new  and  apparently  vigorous 
crop  of  leaves.  Such  an  effort,  however,  appears  very  exhausting 
to  the  tree,  which  is  seldom  so  vigorous  the  next  year. 


314.  The  facts  stated  in  this  chapter,  respecting  the  influence 
of  Vegetation  on  the  surrounding  air,  are  very  interesting  in  con- 
nection with  a  plan  which  has  recently  heen  practised  with  much 
advantage,  of  growing  plants  under  glass  cases  very  nearly  closed. 
They  are  constructed  of  almost  any  form  or  size ; — the  experi- 
ment will  answer  with  a  chamber  of  a  foot  in  each  direction,  or 
in  one  as  large  as  a  common  green-house.  The  plants  to  be 
reared  are  placed  in  a  kind  of  trough,  with  a  sufficient  quantity 
of  light  earth  and  water ;  and  the  glass  cover  is  then  fitted  upon 
this  in  such  a  manner,  as  not  to  be  quite  air-tight,  but  to  allow 
of  extremely  little  communication  between  the  interior  and  the 
surrounding  air.  The  advantage  of  this  system  is,  that  the 
plants  are  kept  in  an  atmosphere  tiioroughly  saturated  with 
moisture ;  and  that  they  can  obtain  the  necessary  supply  of  car- 
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bcmio  acid  (which  finds  its  way  through  the  crevices  beneath  the 
glass  coYer),  without  being  also  exposed  to  the  impurities  which 
the  atmosphere  contains.  In  London  and  other  large  towns,  the 
air  is  loaded  with  particles  of  soot  and  dust,  which  are  so  inju- 
rious to  yegetation,  that  none  but  the  most  hardy,  plants  will 
flourish  there  without  some  protection ;  yet  under  this  system, 
the  most  delicate  and  beautiftd  plants  may  be  reared,  provided 
they  are  sufficiently  supplied  with  light  and  warmth.  Again, 
many  plants  are  killed  by  exposure  to  the  sea-air  during  long 
voyages ;  this  being  loaded  with  particles  of  salt.  But  under 
this  protection^  plants  have  been  successfully  transported  to  Eng- 
land firom  the  most  distant  quarters  of  the  globe,  which  could 
only  be  previously  introduced  by  seeds.  By  the  adoption  of  this 
plan,  many  who  take  an  interest  in  the  cultivation  of  plants  too 
delicate  for  our  own  climate,  may  indulge  their  taste  at  a  small 
expense.  A  window  should  be  selected  with  a  southern  aspect, 
or  nearly  so,  and  a  second  pair  of  sashes  should  be  fixed  at  the 
distance  of  a  foot  or  18  inches  vrithin  or  outside  the  first,  as  may 
be  most  oonv^ent, — the  fitting  of  the  whole  being  as  tight  as 
possible,  consistently  with  the  easy  movement  of  the  inner  sashes. 
In  the  space  at  the  bottom,  a  trough  is  placed  containing  moist* 
ened  earth ;  and  the  plants  grovni  in  it  should  be  so  trained,  as 
to  expose  the  surface  of  their  leaves  to  the  light  as  freely  as 
possible.  If  a  vrinter  v?armth  is  required,  the  window  of  a 
sitting-room  in  which  a  fire  is  constantly  maintained,  should  be 
selected ;  and  this  vrill  suffice  to  grow  many  plants  which  natu- 
raDy  inhabit  the  warmer  regions  of  the  globe.  This  method 
is  particularly  adapted  for  the  growth  of  Ferns.  The  public 
are  indebted  for  this  important  system,  to  Mr.  N.  B.  Ward,  of 
London. 
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CHAPTER  IX. 

GENERAL  REVIEW  OP  THE  NUTRITIVE  PROCESSES  IN  PLANTS. 

315.  Thb  foBctioM  of  the  KTeral  orgint  ooneerned  in  the 
NatritKNi  and  Ofowth  of  the  plaat,  hftTing  now  been  separately 
deacribed,  it  next  beoomea  deiirmble  to  take  a  general  review  of 
the  whole ;  and  to  trace  the  oonneotion  between  their  respective 
aotioaa,  and  to  point  oat  their  bearing  on  the  object  of  the  whole 
of  this  beantifdlly-arTanged  STstem.  When  we  look  at  a  wdl- 
ordered  honsehold,  we  observe  that  the  actions  and  daties  of 
each  member  of  it  are  planned  and  arranged  by  the  heads  of  the 
family,  so  as  to  aooord  with  their  respective  qoalifioations,  and  at 
the  same  time  to  eondnoe  to  the  comfort  and  happiness  of  the 
whole ;  and  the  more  completely  this  is  aooompliBhed,  the  greater 
is  the  harmony  and  regolarity  with  which  the  labonre  of  the 
whole  are  performed, — the  less  is  the  liability  to  interrup- 
tion, arising  either  from  the  caprice  or  incapacity  of  any  of  the^ 
labourers.  And  in  proportion  to  the  completeness  with  which 
this  end  is  gained,  do  we  think  highly  of  the  wisdom  of  those 
who  have  studied  and  executed  the  means  of  attaining  it. 

316.  Now  the  economy*  of  the  Yegetable  is  precisely  analo- 
gous to  that  of  such  a  household.  The  whole  structure  is  com- 
posed of  a  number  of  diffiarent  Ofyant  or  members,  having  difierent 
parts  to  perform  in  the  general  scheme ;  and  these  parts  wfimc* 
turns  are  so  beautifully  adjusted  together,  that,  in  every  variety 
of  circumstances  in  which  the  being  is  liable  to  be  placed,  they 
shall  still  be  executed  in  harmony,  and  with  one  common  pur- 
pose.    Thus  we  have  seen  that  one  organ  pumps  up  the  required 

*  This  word  literally  tignifiM  hou$ehold'lmw ;  tnd  in  this  tente  it  It  applied 
in  physiologj,  to  detigoftte  the  ref(ular  binnonioot  tyttem,  on  which  the  actiont  of 
liring  pUnta  and  acimalt  are  performed. 
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water,  aaothar  oairies  it,  another  uaes  it  in  cooking,  another  gets 
rid  of  the  waste,  another  obtains  the  solid  food^  another  carries 
the  cooked  proYisions  to  all  parts  of  the  stmctore,  another  stores 
u^  the  8iq[Mrfluity,  another  builds  additions  to  the  edifice,  whilst 
another  prqwies  to  send  ont  a  colony,  furnished  with  supplies  of 
foody  and  with  everything  requisite  to  begin  life  for  th^nselyes. 
Now  we  have  considered  the  separate  parts  of  the  establishment 
•^we  have  inq>ected  the  pump,  the  conduits,  the  kitchen,  8us. ; 
the  genecnl  economy  of  the  whole  remains  to  be  reyiewed.  And 
if  we  ha?e  seen  a  Wise  Design  in  those,  our  ideas  will  be  still 
further  elevated  by  this  mode  ol  viewing  the  subject. 

317.  We  have  seen  that  the  fluid  absorbed  by  Plants  consists 
of  water,  in  which  are  contained  carbonic  acid  and  ammonia;  and 
in  whidi  are  also  dissolved  the  various  mineral  substances,  which 
each  speoies  requires  for  its  healthy  existence,  but  which  c(mtri- 
bnte  nothing  to  the  formation  of  those  peculiar  organic  substances, 
that  compose  the  vegetable  tissues.  The  conversion  of  these 
elements  into  the  substances  intended  for  the  nourishment  of  the 
plant,  begins  very  low  in  the  stem ;  and  the  proportion  of  them 
increases  as  it  ascends.  The  substances  at  first  produced  areyunt 
and  Jif^ur,  which  are  the  amplest  in  their  chemical  nature  of  all 
organic  compounds ;  being  made  up  of  oxygen  and  hydrogen,  in 
the  same  proportion  as  water  contains,  with  the  addition  of  car- 
bon. Being  nearer  inorganic  bodies  in  their  composition^  and  in 
the  tendency  of  the  latter  to  the  crystalline  form,  they  are  also 
nearer  in  properties ;  for  they  may  be  preserved  for  years  in  a 
dry  state,  without  any  impurment  of  their  characters ;  since 
their  tendency  to  spontaneous  decompoution  is  not  greater  than 
that  of  many  mineral  substances. 

318.  The  crude  sap,  immediately  that  it  has  been  absorbed, 
b  gins  to  mix  with  the  matter  which  has  been  stored  up  firom 
the  previous  year,  in  the  tubes  and  vessels  through  which  it  rises; 
and  in  proportion  as  it  ascends  the  stem,  it  dissolves  more  and 
more  of  this,  so  as  gradually  to  present  in  taste,  odour,  &c.,  the 
pecuBar  characters  of  the  plant  itself.  One  object  of  tliis  admix- 
ture has  been  already  stated  (§.119);  but  some  other  is  not 
improbably  answered  by  it. 
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319.  Althoagh  the  pecoliar  characten  of  the  proper  juices  of 
the  tree  are  thus  oommunicated  to  the  ascending  sap,  yet  they 
are  possessed  by  it  in  but  a  Tery  slight  degree ;  and  it  is  in  con- 
sequence of  this,  that  the  ascending  sap  of  all  trees  possesses  very 
nearly  the  same  properties ; — as  is  shown  by  more  than  one 
curious  foct  There  are  some  plants  which  have  not  the  power 
of  forming  tme  roots  for  themselveSy  and  which  obtain  tiieir  sup- 
ply of  sap  from  the  stems  of  trees  to  which  they  attach  them- 
selves. Such  is  the  common  Misseltoe.  The  seeds  of  this  plant 
are  deposited  by  birds  on  the  exterior  of  the  stems  and  brandies 
of  trees ;  and  the  root-fibres  which  tiiey  put  out,  insinuate  them- 
selves through  the  crevices  of  the  bark,  and  incorporate  them- 
selves with  the  wood. 

320.  Now  the  Misseltoe  imbibes  the  a»emding  sap  from  the 
wood  of  the  tree  or  iioek  on  which  it  grows ;  and  this  it  converts 
into  a  proper  juice,  adapted  to  nourish  its  own  structure,  by 
means  of  its  own  leaves.  The  ascending  sap  of  most  trees  being 
nearly  alike,  the  Misseltoe  seems  to  grow  with  almost  equal  faci- 
lity on  a  great  variety.  It  is  remarkable,  however,  that  it  is 
very  rare  on  tiie  oak ;  and  it  is  perhaps  this  circumstance  which 
caused  the  plant,  when  found  in  connection  with  that  tree,  to  be 
regarded  by  the  ancient  Druids  in  a  religious  light.  Perhaps  it 
is  the  tannin  produced  by  the  oak,— of  which  a  small  portion 
will  be  contained  in  the  ascending  sap,  and  which  has  been 
already  spoken  of  as  exerting  a  prejudicial  influence  on  the  vege- 
tation of  most  other  species  (§.  209), — ^which  is  un&vourable  to 
the  growth  also  of  the  Misseltoe. 

321.  Now  it  is  a  very  curious  fact,  that  the  law  of  growth 
of  these  root-fibres  is  di£ferent  from  that  which  governs  other 
roots.  For  whilst  the  latter  grow  downwards  towards  the  centre 
of  the  earth,  these  grow  towards  the  centre  of  the  bough  or  stem 
into  which  they  may  be  penetrating.  This  tendency  was  ascer- 
tained by  the  experiments  of  the  French  phjrsiologist  Dntrochet, 
who  caused  a  seed  of  Misseltoe  to  germinate,  when  hung  by  a 
thread  near  a  large  ball  of  metal ;  and  he  found  that  the  radicle 
always  directed  itself  towards  the  centre  of  this  ball,  near  what- 
ever part  of  the  surface  it  might  be  placed.    By  this  curious 
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adaptation,  the  Misseltoe,  which,  from  the  want  of  power  to 
form  perfect  roots,  would  otherwise  be  nnable  to  exist,  is  en- 
dowed with  a  compensating  power ; — it  being  as  mach  a  part  of 
its  natwal  habits  to  grow  upon  the  stem  and  branches  of  trees, 
as  it  is  for  other  plants  to  send  their  roots  down  into  the  ground. 

322.  The  fibres  of  the  Misseltoe  seem  to  incorporate  them- 
selves  completely  with  those  of  the  stock ;  and  so  intimate  is  the 
connection  between  them,  that  coloured  fluids  will  pass  from  the 
stem  into  this  natural  grcfi^ — for  so  it  ma j  be  termed.  It  does 
not  appear,  however,  that  any  communication  exists  between 
the  parasite  and  the  hark  beneath  it,  which  is  always  found  to 
be  in  a  dead  state  around  its  insertion.  But  if  the  part  of  the 
branch  at  which  it  penetrates  be  divided  with  a  saw,  it  will  be 
seen  that  the  two  vooodM  are  so  thoroughly  united,  that  the  line 
of  separation  between  them  can  scarcely  be  traced.  That  the 
Misseltoe  is  itself  quite  deficient  in  the  power  of  absorbing  fluid, 
has  been  clearly  proved  by  experiment.  If  the  stem  of  this 
plant  be  cut  off  and  immersed  in  water,  it  will  absorb  little  or 
none  of  the  fluid ;  whilst,  if  a  portion  of  tiie  branch  with  which 
it  is  connected  be  cut  off  and  immersed  in  a  similar  manner,  it 
will  absorb  nearly  as  much  as  if  furnished  with  leaves  of  its 
own. 

323.  A  curious  £iftct  illustrative  of  the  great  difference  in  the 
characters  of  the  ascending  and  descending  sap,  is  that  the  former 
is  nearly  or  quite  harmless  in  those  plants  whose  proper  juices 
have  the  most  virulent  properties.  Thus,  the  inhabitants  of  the 
Canary  islands  draw  off  the  former,  which  serves  as  a  refreshing 
drink,  from  the  interior  of  the  stem  of  the  Euphorbia  eanarieMts; 
a  tree  of  which  the  descending  sap  is  of  a  very  acrid  nature, 
resembling  that  of  the  common  Spurge  of  this  country,  but  much 
more  powerful. 

324.  The  conversion  of  the  water  and  carbonic  acid  absorbed 
by  the  roots  into  gum  or  sugar,  involves  the  setting  firee  a  por- 
tion of  the  oxygen  contained  in  those  compounds ;  for  as  water 
is  composed  of  oxygen  and  hydrogen,  and  carbonic  acid  of  oxygen 
and  carbon,  it  is  evident  thi^  in  the  production  of  any  substances 
oontaining  no  very  large  proportion  of  oxygen  combined  with 
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carbcm  •md  hydrogen,  there  must  be  a  taperflnity  of  the  fini  of 
these  ingredients.  This  oxygen  is  probtbly  conToyed  away  by 
the  spind  yessels,  which  form  the  mednllary  sheath  of  Exogens, 
and  which  are  diffused  through  the  woody  bundles  of  the  stem 
of  Endogens.  These  spiral  yessels  communicate  with  the  leaves; 
and  through  them,  the  oxygen  is  giyen  off  to  the  atmosphere. 
By  dividing  stems  under  the  sur&oe  of  mercuryy*  and  ooUeeting 
the  mmute  bubbles  of  gas  which  arise  from  the  cut  ends  of  the 
S{uial  Tesselsy  it  has  been  diown,  that  they  contain  a  considerably 
greater  proportion  of  oxygen  than  exists  in  the  atmoq>here. 

325,  The  processes  by  which  the  crude  tap  conveyed  to  the 
leaves,  is  oonTerted  into  the  *^  proper  juice "  of  the  plant,  have 
already  been  described  in  so  much  detail,  that  it  is  not  necessary 
to  do  more  than  briefly  recapitulate  them  here.  By  Exhalation 
and  Evaporation,  a  great  quantity  of  superfluous  water  is  got  rid 
of ;  and  the  fluid  is  thus  concentrated.  By  the  absorption  of 
carbon  under  the  influence  of  light, — the  process  to  which  the 
name  of  Dictum  may  be  given, — a  large  quantity  of  solid 
matter  is  added  to  it ;  and  the  materials  are  afforded  for  ^le 
increase  of  the  woody  structure,  which  requires  this  ingredient 
in  a  peculiar  degree.  And  by  the  process  of  Respiration  is 
removed  the  product  of  the  slow  decay  of  the  whole  structure, 
which  would  be  highly  injurious  if  retained  within  it. 

326.  We  must  remember,  however,  that,  in  speaking  of  these 
functions,  we  only  state  the  &md$rU  reiulu  of  those  more  obscure 
changes,  which  take  place  in  the  interior  of  the  plant,  and  of 
which  the  nature  is  still  unknown.  In  all  plants,  the  functions 
of  Exhalation,  Digestion,  and  Respiration,  are  performed  almost 
in  a  rimilar  manner ;  and  the  materials  upon  which  they  operate 
are  (as  already  explained)  nearly  oi  a  simiUr  character ;  and  yet 
the  products  are  remarkably  different.  In  nearly  all  of  them, 
however,  the  material  of  the  tissues  themselves  is  the  same. 
Woody  fibre,  for  example,  is  found  by  the  chemist  to  be  com- 

*  Tbifl  fluid  is  Q led  iiiitead  of  water,  when  it  is  desired  to  oollect  giset  which 
might  he  ahsorhed  hj  water.  (See  Treatise  on  Gbkmistrt.)  In  the  present  csso 
it  is  employed  to  prevent  any  carhonic  acid  that  might  exist  in  the  vends,  fitooi 
being  undisooverod,  through  the  ahsorption  of  it  by  the  water. 
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posed  of  the  same  elements,  in  the  same  proportions,  from  what- 
ef^er  tree  it  is  taken,  provided  it  be  cleared  from  those  substances 
which  are  deposited  within  it,  for  the  purpose  of  affording  it 
additional  strength.  But  when  we  look  at  the  immense  varietjr 
of  products  which  the  Vegetable  kingdom  supplies,  varying  no 
less  in  properties  than  in  appearance,  we  are  lost  in  wonder  at 
the  marrenous  nature  of  those  processes,  in  which  a  difference, 
undiscoverable  by  all  our  most  refined  means  of  research,  shall 
be  productive  of  such  a  number  of  widely- difierent  results.  And 
at  the  same  time  the  reflecting  mind  cannot  forget,  that  these 
results  are  all  of  a  kind  most  valuable  to  Man,  ftimishing  him 
with  the  necessaries,  the  comforts,  and  the  luxuries  of  life, — 
support  in  health,  medicine  in  disease,  and  the  materials  of  great 
part  of  his  clothing,  his  books,  and  various  articles  which  minister 
to  his  mental  and  moral  improvement. 

387.  These  substances  may  be  distinguished  under  two 
classes ;  the  ntOrkive  produetSy  adapted  to  supply  the  materials 
of  increase  to  the  tissues  themselves ; — ^and  the  ipedal  tecretumi^ 
which  are  for  the  most  part  contained  or  stored  up  in  them. 
The  former  are  common  to  all  plants;  of  the  latter  different 
kinds  exist  in  the  various  tribes. 

328.  Of  the  nutritive  products,  which  are  carried  by  the 
descending  sap  to  all  parts  of  the'  structure,  (as  are  those  of  a 
similar  nature  contained  in  the  blood  of  animals,)  the  principal 
is  Gum.  This  is  found  in  the  bark  and  wood  of  all  plants ;  and 
is  present  in  such  abundance  in  several,  which  are  called  Gum* 
trees,  as  to  flow  in  plenty  from  the  bark  when  wounded,  or  when 
its  surfiMe  cracks.  Of  these  trees,  most  belong  to  Che  Acacia 
tribe ;  and  it  is  in  warm  climates  only,  that  the  formation  of  this 
product  is  so  abundant,  as  to  make  the  collection  of  it  desirable. 
Various  modificati(Mis  of  this  principle  exist  in  different  vege- 
tables ;  but  they  may  all  be  regarded  as  combinations  of  pure 
gum  with  other  substances.  Gum  Arabic  is  one  of  its  simplest 
forms ;  this  is  really  brought  from  Arabia,  where  it  is  annually 
collected  in  the  Acacia  forests,  at  the  end  of  November.  A  large 
quantity  is  imported  into  this  country,  on  account  of  its  extensive 
use  in  calico*printing  and  other  arts.     It  is  a  highly  nutritious 
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substance  to  man  and  animAls;  and  it  Conns  an  important  article 
of  diet  in  Arabia  and  SenegaL  Those  who  are  engaged  in  col- 
lecting it  liye  for  a  time  almost  entirely  npon  it ;  and  six  ounces 
have  proved  sufficient  to  support  an  adult  for  24  hours.  It  is  on 
record  that  a  oaraTan  crossing  the  Desert,  their  provisions  being 
exhausted,  presonred  themselves  from  £Eunine,  by  eatbg  the  Gum 
Arabic,  which  formed  part  of  the  merchandise  they  were  trans- 
porting. But  no  animals  could  continue  long  to  subsist  on  this 
ingredient  alone ;  since  it  contains  no  nitrogen,  which  is  still  more 
essential  to  tkdr  support,  than  to  that  of  plants.  (See  Anim. 
Physiol.  §.  156—157.) 

329.  Gum  is  almost  the  only  organic  substance,  that  seems 
to  be  immediately  applied  to  the  nutrition  of  the  plant,  when 
absorbed  from  without,  instead  of  being  first  decomposed  into 
water  and  carbonic  acid;  for  a  plant  thrives  well  in  a  solution  of 
it.  This  is  evidently,  because  it  thus  supplies  an  important  ingre- 
dient in  the  ascending  sap,  in  which  it  would  otherwise  have  to 
be  formed.  ($.  3170  The  gum  contained  in  the  elaborated  sap 
appears  to  have  undergone  some  change,  which  renders  it  more 
prepared  for  beiug  converted  into  an  organised  tissue.  It  is  this, 
which,  being  poured  out  between  the  bark  and  the  newest  hj&t 
of  wood,  is  the  viscid  substance  termed  cambium;  in  which  the 
rudiments  of  the  cellular  tissue,  that  is  to  form  part  of  the  new 
layer  of  wood,  after  a  time  present  themselves.  Even  if  this 
cambium  be  drawn  off  from  the  stem,  its  particles  show  a  tend- 
ency to  arrange  themselves  in  a  form  resembling  that  of  cells  and 
vessels ;  though  no  perfect  tissues  are  produced  by  this  kind  of 
coagulation.  The  interior  of  young  seeds  is  filled  with  a  glu- 
tinous pulpy  fluid  of  a  similar  description ;  and  partitions  gra- 
dually appear  in  this,  converting  it  into  a  mass  of  cellular  tissue. 
Ordinary  Gum  may  be  considered  as  having  the  same  character 
in  the  Plant,  as  Albumen  possesses  in  the  Animal ;  being  the  raw 
material,  at  the  expense  of  which  the  tissues  are  ultimatdy 
formed.  But  this  peculiar  organisable  Gum  is  evidently  analo- 
gous, in  its  tendency  to  become  organised,  to  the  Fibrin  of 
Animal  fluids.     (Anim.  Physiol.  §.  16 — 19.) 

330.  If  a  wound  be  made  in  the  bark,  a  similar  glutinous 
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exadation  is  thrown  out  from  the  cot  edges ;  and  hy  the  conyer- 
sion  of  this  into  solid  tissae,  the  wonnd  is  gradually  healed.  If 
a  oomplete  ring  be  cut  away  from  the  bark,  this  exudation  will 
be  much  the  greatest  on  the  tqifper  side, — showing  that  it  comes 
from  the  deicending  sap ;  but  it  is  not  altogether  confined  to  that 
edge,  since  a  portion  of  the  descending  current,  haying  been 
carried  by  the  medullary  rays  into  the  interior  of  the  stem,  is  not 
checked  by  this  intwruption  to  its  flow  through  the  bark.  Thus 
we  perceiye  that,  although  there  is  not  in  Plants,  as  in  Animals, 
a  regular  continuous  circulation  of  nutritious  fluid, — that  which 
haa  once  passed  through  the  system  of  the  latter,  being  impeUed 
again  through  its  vessels,  after  haying  undergone  the  necessary 
purification, — ^Nature  has  provided  for  the  reparation  of  their 
wounds  in  the  most  advantageous  manner. 

331.  From  this  form  of  Gum  it  would  appear,  that  the  ma- 
terials of  tiie  tissues  are  produced ;  but  those  by  which  woody 
fibre  is  consolidated,  are  not  the  same  in  chemical  constitution, 
containing  a  larger  proportion  of  carbon.  And  thus  we  see  why 
it  should  be  peculiarly  necessary  for  the  production  of  firm  wood, 
that  the  leaves  should  be  exposed  to  tiie  full  influence  of  light, 
by  which  alone  the  proper  amount  of  carbon  can  be  introduced 
into  the  system.  As  already  stated,  whilst  cellular  tissue  in- 
creases in  every  direction,  woody  fibres  seem  to  grow  almost 
exclusively  downwards.  They  may  be  traced  gradually  descend- 
ing frt>m  the  leaves,  in  which  they  alwa3rs  originate,  just  as  the 
roots  make  their  way  through  the  earth.  They  pass  down  in 
the  space  between  the  bark  and  wood,  at  the  time  the  cambium 
is  there ;  and  this  fluid  probably  contains  the  materials  for  both 
tissues.  If  an  obstacle  intervene, — as,  for  example,  a  branch 
passing  off  from  the  stem, — they  do  not  stop  in  consequence  of  it ; 
but  they  separate  to  one  side  and  the  other,  and  re-unite  below, 
just  as  a  bundle  of  roots  would  have  done.  These  fibres,  being 
intermixed  with  the  cellular  tissue  produced  by  the  cambium,  com* 
pose  the  new  layers  of  wood  and  bark,  of  which  a  new  one  is 
formed  every  year ;  and  it  is  in  this  way,  that  those  additions  are 
made  to  the  quantity  of  solid  matter  contained  in  the  stem,  which 
ibe  supply  of  descending  sap  is  principally  intended  to  furnish. 
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332.  The  production  of  new  buds  is  aoeomplishedy  as  Already 
stated,  by  the  cellular  tissue  alone ;  -and  as  they  are  connected 
more  or  less  closely  with  the  medullary  rajs,  it  is  easy  to  under- 
stand, how  they  deriye  thor  nutriment  from  the  descending 
current.  Nothing  but  cellular  tissue  exists  in  th^n,  until  they 
have  expanded  themselves  into  true  leayes,  and  then  they  fonn 
the  materials  of^wo^y  fibre  for  themseWes.  The  same  is  the 
case  with  flower-buds,  seeds,  and  other  young  parts, 

333.  Although  0mm  sems  to  be  the  chief  nutritions  product 
of  the  assimilation,  by  the  plant,  of  the  substances  which  fbrroed 
its  aliment,  it  is  not  the  only  one.  St^r  in  many  oases  appears 
to  have  the  same  office,  espedally  in  young  and  rapidly-growing 
parts.  Thus,  the  starch  of  seeds  is  converted  into  sugar  in  the 
first  stage  of  their  growth  (§.  283)  ;  and  the  sugar  is  diasohed 
by  the  water  around,  and  carried  up  the  young  stem  to  tiie 
leaves.  The  starch  existing  in  the  disk  of  flowers,  again,  is  con- 
verted into  sugar,  for  the  nourishment  of  the  young  seeds ;  and 
it  is  the  superfluous  p6rtion  of  this,  which  flows  off  in  the  form  of 
honey.  There  are  particular  plants,  which  contain  a  very  large 
proportion  of  sugar,  just  as  we  have  notioed  others  which  abound 
in  gum.  Such  are  the  Sugar-cane,  the  Beet-root,  and  the  Maple. 
The  sweet  juice  which  abounds  in  the  Sugar-cane  is  exhausted 
by  flowering ;  and  appears,  therefore,  destined  for  Uie  devdlop- 
ment  of  the  set  of  organs  concerned  in  that  process.  The  same 
is  the  case  with  the  Beet-root,  and  also  in  the  Maple ;  in  the 
former,  the  sweet  juice  does  not  begin  to  accumulate  in  the  roots, 
until  the  development  of  the  growing  parts  has  ceased  for  that 
year ;  in  the  latter,  the  juice  which  was  previously  sweet,  ceases 
to  be  so,  whilst  the  tree  is  putting  forth  its  buds,  leaves,  and 
blossoms ;  in  both  these  instances,  the  use  of  the  sugar  in  the 
vegetable  economy  is  clearly  seen. 

334.  Of  the  importance  of  Sagar  as  an  article  of  oommeiee 
little  need  be  said.  The  annual  production  in  diflerent  parts  of 
the  world,  is  estimated  at  not  far  firom  dOmillion  hundred- weights, 
er  a  million  of  tons ;  and  this  is  nearly  all  obtained  firom  a  single 
kind  of  plant, — the  Sugar*  cane.  The  soft  spongy  tissue  of  this 
plant,  previously  to  its  maturity,  contains  a  large  quantity  of  a 
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sweet  juice,  which  is  pressed  out  from  the  steins  by  passing  them 
between  rollers.  This  juice  is  boiled  down  into  a  thick  syrup, 
which  cr3rstallise8,  and  deposits  the  sugar  it  contains.  This  is  what 
is  commonly  known  as  hroum  sugar ;  and  it  has  to  undergo  a 
subsequent  process  of  refining,  in  order  to  convert  it  into  fohite. 
In  Canada  and  other  parts  of  North  America,  a  good  sugar  is 
produced  frx)m  the  Maple,  by  tapping  the  stem  when  thei  sap 
begins  to  arise  in  the  spring ;  the  quantity  of  sugar  obtained,  by 
boiling  the  sap  that  flows  from  one  tree  during  a  period  of  six 
weeks,  is  sometimes  as  much  as  30  lbs. 

335.  It  is  not  unfrequently  necessary,  that  a  store  of  nu- 
tritive matter,  which  may  be  required  at  some  future  time, 
should  be  provided  in  the  Vegetable  system ;  in  such  a  situation, 
that  it  shall  be  out  of  the  general  current  of  the  circulation,  and 
at  the  same  time  easily  brought  into  it.  In  Animals,  the^ 
constitutes  a  store  of  this  kind.  The  superfluous  nutriment 
introduced  into  their  system  is  converted  into  this  substance ; 
which,  besides  other  purposes  that  it  serves,  is  ready  for  the 
support  of  the  body,  when  frx)m  any  cause  there  is  a  failure 
of  the  supply,  on  which  the  animal  usually  depends.  In  some 
animals,  this  production  of  fat  takes  place  at  regular  periods ; 
thus  Bears,  which  pass  nearly  the  whole  winter  in  sleep,  and 
take  little  food  during  that  season,  become  very  plump  in  the 
autumn,  and  are  observed  to  be  very  lean  soon  after  they  have 
emerged  from  their  winter  retreat. 

336.  Now  the  Starchy  which  is  found  so  abundantly  in  many 
Plants,  and  in  some  part  of  almost  every  one,  serves  the  same 
purpose  as  fat.  It  is  a  gum,  slightly  altered,  and  inclosed,  as  it 
were,  in  a  series  of  minute  bags,  which  fill  the  cells  of  cellular 
tissue,  and  receive  the  form  of  these.  Starch,  when  removed 
from  the  pkat,  exists  in  the  fDrm  of  minute  granules ;  each  of 
which,  when  examined  with  the  microscope,  is  found  to  consist 
of  a  series  of  layers  of  a  half-fluid  substance,  the  interior  ones 
being  nearly  fluid  like  dissolved  gum,  and  those  on  the  outside 
being  almost  as  firm  as  membrane.  When  put  into  cold  water, 
ihey  retain  their  structure,  as  the  outside  layer  is  not  acted  on 
by  that  fluid ;  but  when  exposed  to  a  heat  of  about  160°,  this 
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little  sac  bursts,  and  its  contents  are  set  free  and  dissolved  in  the 
water ;  and  this  is  why  starch,  once  dissolved  in  hot  water,  can 
never  be  restored  to  its  original  form. 

337.  Thus,  then,  we  may  consider  Starch  as  little  else  than 
Ohim,  divided  into  minute  portions,  and  stored  up  out  of  the 
way  of  the  nutrient  fluid,  which  would  otherwise  dissolve  it 
whilst  circulating.  In  all  instances,  the  stores  of  this  substance 
appear  destined  for  the  nourishment  of  young  parts ;  since  they 
are  found  in  the  neighbourhood  of  these,  and  are  exhausted  by 
their  growtli.  Thus,  starch  forms  a  large  part  of  the  substance 
of  all  seeds ;  sometimes  (as  in  the  Com  grains)  being  deposited 
aroumd  the  germ  of  the  young  plant ;  and  in  other  cases  (as  in 
the  Pea  and  Bean)  being  included  within  it,  forming  a  great 
part  of  large  fleshy  cotyledons  or  seed-leaves,  which  first  come 
to  the  surface  after  the  seed  has  begun  to  sprout,  and  which 
wither  in  proportion  as  the  young  plant  develops  itself.  Starch 
is  found  abundantly,  again,  in  the  fleshy  underground  stems  des- 
tined to  nourish  young  shoots,  as  the  tubers  of  the  Potato,  and 
the  rhizoma  of  the  Arrow-root ;  and  it  has  been  lately  pointed 
out  that,  if  the  blossoms  be  pulled  off  the  plants  before  opening, 
the  accumulation  of  starch  will  be  much  greater,  in  consequence 
of  the  exhaustion  of  the  store  having  been  prevented.  Starcli  is 
also  abundant  in  the  fleshy  roots  which  have  to  furnish  nutri- 
ment to  the  young  stems,  when  they  first  begin  to  grow ;  as  in 
the  Briony  and  Elecampane.  It  is  also  found  in  the  pith  and 
bark  of  many  Exogens,  and  in  the  ceUular  tissue  occupying  the 
centre  of  the  stem  of  many  Endogens  (such  as  the  Sago  Palm), 
where  it  forms  a  reservoir  of  nutriment  for  the  young  leaves. 

338.  The  deposite  of  starch  generally  continues  to  increase,  so 
long  as  the  plant  which  forms  it  is  in  active  vegetation.  It  then 
arrives  at  its  greatest  amount,  and  remains  the  same  until  the 
young  parts  which  are  to  be  supplied  firom  it  have  begun  to 
grow ;  and  then  it  rapidly  diminishes.  Thus,  it  has  been  stated 
that  a  hundred  pounds  of  potatoes  oontam  of  starch. 

In  August       10  Ibt.  In  Mirch  17  Ibt. 

September  14 j  Ib«.  April   ISflbt. 

NomiberUlbt.  May    10  Ibt. 
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339.  Although  this  deposition  of  starch  fulfils  a  part  so  evi- 
jentlj  important  in  the  yegetable  economy,  we  cannot  doubt  the 
wise  and  benevolent  intention  of  the  Creator,  in  thus  providing 
a  store  of  nutritious  and  palatable  food  for  Man,  in  situations  in 
which  he  can  so  easily  obtain  it ;  and  it  is  interesting  to  remark 
that,  from  the  completely  separate  form  in  which  it  exists,  it 
may  be  obtained  in  a  state  of  purity  from  many  vegetables, 
which,  as  a  whole,  are  of  very  poisonous  character.  An  illus- 
tration of  this  fact  occurs  in  the  Cassava,  which  forms  a  most 
important  article  of  food  in  almost  all  the  warmer  regions  of  the 
globe.  This  substance  is  the  starch  contained  in  the  root  of  a 
plant  termed  Jatropha  Manihot ;  and  the  root  contains  also  a  juice 
80  poisonous,  that  it  is  employed  by  some  of  the  savages  among 
whom  this  plant  abounds,  to  tip  their  arrows  and  spears.  The 
root  is  usually  ground  or  rasped  into  a  sort  of  coarse  meal ;  and 
from  this,  when  put  under  pressure,  the  juice  runs  off,  leaving 
the  starch  nearly  pure.  The  Tapioca  of  Bnuril  is  nearly  the 
same  with  Cassava. 

340.  Starch  cannot  be  applied  to  the  nutrition  of  the  tissues, 
however,  without  undergoing  an  important  change,  which  re- 
duces it,  in  fact,  to  the  condition  of  sugar  or  gum.  Of  this 
change  there  are  many  instances  in  the  progress  of  vegetation. 
That  which  is  best  known,  is  the  conversion  of  the  starch  of 
seeds  into  sugar,  which  takes  place  during  germination;  and 
upon  this  the  process  of  malting  is  founded.  The  grain  of  barley 
contains  a  large  quantity  of  starch ;  but,  when  the  embryo  is 
made  to  sprout,  this  starch  is  converted  into  sugar  for  its  nou- 
rishment. Now  the  germination  of  the  seed  is  caused,  by  steep- 
ing it  in  water,  and  then  placing  it  in  a  warm  atmosphere ;  and 
this  is  the  first  stage  of  the  process  of  malting.  As  soon,  how- 
ever, as  the  growth  of  the  embryo  has  proceeded  far  enough,  for 
the  proper  quantity  of  the  starch  to  be  converted  into  sugar 
(which  is  known  by  the  length  of  the  young  root,  and  by  the 
appearance  of  the  grain  itself),  the  germination  is  checked  by 
the  application  of  a  higher  degree  of  heat,  which  kills  the  young 
plant ;  and  the  newly-formed  sugar  can  then  be  employed,  to 
give  sweetness  to  water  or  other  fluids.     In  the  same  manner, 
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the  stareh  of  Potatoes  and  other  tuhen,  is  conyerted,  when  re- 
qnired  for  the  noorishment  of  the  growing  hnds,  into  sugar, 
which  is  absorbed  hy  their  yesaels ;  and  nearly  the  same  may 
probably  be  said  of  every  other  instanee,  in  which  starch  is  laid 
up  for  a  purpose  of  this  kind. 

341.  Now  this  change  of  starch  into  sugar  is  one  of  a  purely 
chemical  nature;  for  it  can  be  performed  in  the  laboratory  of  the 
chemist,  by  pouring  hot  wat«r  on  the  staxth,  so  as  to  break  the 
Tesides  and  set  free  the  contained  gum ;  and  then  treating  this 
with  a  weak  acid  for  some  time  ;  by  which  the  whole  is  converted 
into  a  sugar,  that  scarcely  differs  from  that  of  other  kinds.  In 
the  Vegetable  economy,  however,  this  change  is  efiected  by 
another  means.  In  the  juices  of  the  plants  themselves,  there  is 
a  substance  termed  diaHa$ej  very  minnte  quantities  of  which, 
have  the  remarkable  property  of  changing  starch  into  sugar. 
This  diastase  exists  in  seeds,  and  is  found  in  larger  quantities 
near  the  ^^  or  young  buds  of  the  Potato,  by  the  vessels  of  which 
it  is  carried  through  the  mass  of  starch  when  required.  How 
beautiful  an  arrangement  it  is,  that  a  substance  possessed  of  the 
remarkable  property  of  converting  starch  into  sugar,  should  be 
formed,  wherever  a  store  of  the  first  of  these  substances  is  laid 
up,  for  the  purpose  of  affording  a  supply  of  the  second  when  re- 
quired,— and  that  this  duutate  should  be  found  nowhere  else, 
than  in  the  very  parts  of  the  vegetable  structure,  in  which  it  will 
be  of  use ! 

342.  We  see,  then,  that  the  form  in  which  nourishment  is 
conveyed  to  the  growing  parts  of  plants,  is  that  oigum  or  m^atr. 
These  two  substances  are  composed  of  the  same  elements,  in 
nearly  the  same  proportion ;  and  the  former  may  be  changed 
into  the  latter.  They  are  usually  found  together  in  the  cambium 
(§.  329),  which  is  destined  to  be  gradually  organised,  or  con- 
verted into  tissue;  and  also  in  that  thick  mucilaginous*  fluid, 
which  forms  the  pulp  of  the  very  young  seeds,  that  exist  in  the 
seed-vessel  before  the  flower  has  fully  expanded.  The  gum- 
miness  of  this  fluid  is  at  once  perceived  by  its  glutinous  proper- 
ties ;  and  that  it  contains  sugar,  is  known  by  the  sweetness  of 

*  Mucilage  U  the  term  applied  to  a  solation  of  gam  in  water. 
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its  taste.  Gam  and  Sugar,  therefore,  are  to  be  considered  as  the 
materials,  out  of  which  the  Vegetable  tissues  are  constructed ; 
and  Starch  must  be  converted  into  one  of  these,  before  it  can  bo 
applied  to  a  similar  purpose. 

343.  Now  the  proper  juice' elaborated  by  the  leaves  of  one 
plant,  mi^  sometimes  serve  for  the  nourishment  of  another.  A 
group  of  parasites,  which,  having  leaves  of  theit  own,  can  ela* 
borate  for  themselves  the  crude  sap  they  obtain  from  the  roots 
of  another  tree,  has  been  already  described  (§.  320) ;  but  there  is 
another,  which  is  destitute  of  leaves  as  well  as  of  roots,  and 
which  is  therefore  dependent  for  support,  on  the  elaborated  sap 
of  the  plants,  to  which  its  different  kinds  respectively  attach 
themselves.  And  as  the  nature  of  the  proper  juice  of  each  spe- 
cies varies  much  more,  than  does  that  of  the  crude  sap,  these 
parasites  cannot  subsist  upon  the  fluids  of  many  different  species, 
but  are  for  the  most  part  restricted  to  those  of  a  few.  Most  of 
them  grow  upon  the  roots  or  underground  stems  of  others ;  no 
p4rt  of  them  appearing  above  the  surface  (in  general  at  least), 
except  the  flower-stalks  which  are  occasionally  sent  up.  They 
abstract  the  nutritious  fluid  from  the  plants  to  which  they  cling, 
by  means  of  a  number  of  little  suckers,  which  are  formed  upon 
their  roots,  and  which  flz  themselves  to  the  bark  of  the  stem 
and  roots  ;  and  in  this  manner,  they  not  unfirequently  cause  the 
death  of  the  plant,  by  drawing  off  its  juices. 

344.  One  of  the  commonest  kinds  is  the  Orohanche^  or 
Broomrape,  so  named  from  the  ravages  it  is  thought  to  commit 
on  the  Broom  and  Gorse  of  our  heaths.  The  different  species  of 
this  plant  infest  different  kinds  of  vegetables ;  thus  one  infests 
broom  and  fnize ;  and  in  many  parts  of  Flanders,  the  farmers  are 
altogether  deterred  from  the  cultivation  of  clover  by  another 
8f>ecies,  of  which  the  seeds  lie  dormant  in  the  soil,  until  it  is 
made  to  support  plants  upon  which  the  parasite  can  grow,  and 
which  it  then  attacks  vigorously.  Another  species  of  this  genus 
confines  itself  to  certain  Compo^te  flowers,  as  the  Knapweed  ; 
one  is  found  exclusively  upon  the  roots  of  Hemp,  and  another 
upon  those  of  Ivy.  The  Ctueuta^  or  Dodder,  is  another  plant  of 
the  same  description,  which  attaches  itself  to  the  stems  of  the 
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netUe,  clover,  and  other  plants,  round  which  it  coils  in  a  direc- 
tion contrarj  to  that  of  the  snn.  When  luxuriant,  the  Dodder 
gives  a  strange  appearance  to  the  herbs  and  bushes  on  which  it 
grows,  covering  them,  as  it  were,  with  a  veil  of  reddish,  leafless 
stalks,  studded  witii  blossoms.  Their  seeds,  unlike  those  of  most 
other  parasitic  plants,  germinate  in  ordinary  soil ;  but  if  the  seed- 
lings be  kept  there,  they  will  soon  wither  and  die,  from  the  want 
of  their  peculiar  nutriment.  Some  parasitic  species  derive  a  part 
of  their  aliment,  in  their  adult  condition,  from  true  roots  spread 
through  the  soil ;  but  are  still  dependent  for  most  of  the  solid 
matter  they  require,  upon  the  supply  of  ready-elaborated  sap, 
which  they  obtain  by  their  suckers  from  the  plants,  upon  whose 
bark  they  fix  them. 

345.  From  these  naturally  parasitic  plants,  we  may  pass  to 
those,  which  are  rendered  so  by  artificial  means.  It  will  be  here- 
after explained  (Chap,  xii.),  that  the  cultivated  varieties  of  plants 
cannot  be  propagated  with  any  certainty  by  seeds,  from  which 
we  are  only  sure  of  obtaining  new  plants  of  the  same  epedes 
(§.  15).  Thus,  the  seeds  of  a  €h)lden  Pippin  or  of  a  Russet, 
sown  in  different  soils,  will  all  produce  plants  bearing  Apples  of 
some  sort ;  but  these  are  not  likely  to  bear  any  greater  resem- 
blance to  the  parent,  or  to  each  other,  than  all  Apple-trees  have 
to  their  kind ;  and  the  character  of  their  fruit  will  be  quite  un- 
certain,— it  being  little  better,  if  the  soil  be  poor,  than  that  of 
the  Crab,  from  which  all  the  varieties  of  Apple  have  originated. 

346.  In  order  to  propagate  any  particular  variety  of  fruit  or 
flower,  the  cultivator  reserves  some  of  the  leafy  buds  of  the  tree 
or  plant,  and  places  these  in  circumstances  favourable  to  their 
growth.  In  many  instances,  the  leaves  or  leaf-buds  have  the 
power  of  forming  roots  for  themselves ;  and  this  is  especially  the 
case,  when  the  neighbouring  part  contains  a  temporary  supply 
of  nourishment  for  them,  such  as  the  tuber  of  the  potato  imparts 
to  the  eyes  or  buds  it  contains.  Thus,  if  the  young  branches  of 
a  Vine  be  out  into  as  many  pieces  as  there  are  leaf-buds,  and 
these  be  properly  laid  in  a  favourable  soiU  and  stimulated  to 
growth  by  heat  and  moisture,  they  will  soon  put  out  roots  and 
become  perfect  plants ;  being  at  first  supported  by  the  nutritious 
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matter  contaiDed  in  the  wood  to  which  they  adhere,  and  after- 
wards by  the  products  of  its  decay.  It  is  in  this  way,  that  the 
Sngar-cane  is  propagated, — ^the  plants  that  spring  from  these 
cuttings  being  more  yigorous,  and  coming  earlier  to  maturity, 
than  those  raised  from  seed.  This  method  is  often  employed  by 
the  Gardener ;  who  sometimes  yaries  it,  by  not  detaching  the 
bud  frt>m  the  parent  stock,  but  by  bending  a  branch  into  the 
earth,  and  letting  it  be  partly  supported  by  the  juices  of  its 
parent,  until  it  has  put  forth  roots  for  itself.  This  is  termed, 
propagating  by  layen, 

347.  But  there  are  many  cases,  in  which  it  is  desirable  not 
to  trust  to  the  power  which  the  bud  may  possess,  of  forming  roots 
for  itself ;  and  adyantage  is  then  taken  of  the  tendency,  which  the 
growing  parts  of  plants  have,  to  adhere  and  become  united  to 
each  other.  Such  adhesions  not  unfrequently  take  place  from 
natural  causes.  Thus,  if  two  branches,  either  of  the  same  or  of 
different  trees,  be  lying  across  each  other,  in  such  a  position  as 
to  rub  against  one  another  when  moved  by  the  wind,  the  bark 
will  be  worn  off  from  each,  and  a  fluid  will  be  exuded  from  the 
wounds,  which  will  be  in  time  converted  into  solid  tissue.  This 
tissue  is  capable  of  conveying  sap  from  one  branch  to  the  othe?* ; 
for  a  tree  that  has  been  thus  united  (for  the  sake  of  experiment) 
to  two  others,  and  has  been  then  cut  off  from  all  communication 
with  the  soil,  has  continued  to  live,  without  any  other  supply, 
than  that  which  it  derived  through  these  trees.  This  natural 
adhesion  of  vegetable  tissue  is  well  seen  in  the  ivy ;  the  branches 
of  which  often  interlace  and  graft  together  in  various  places, 
until  the  whole  forms  a  rude  network,  inclosing  the  trunk  of  the 
tree  on  which  it  has  climbed. 

348.  Now  the  gardener  imitates  this  process,  when  he  wishes 
to  supply  the  separated  buds  of  a  tree  or  plant,  which  he  desires 
to  propagate  rapidly,  with  nourishment  ready  to  be  elaborated 
by  its  leaves.  He  chooses  a  atoeky  car  stem  deprived  of  its  own 
buds,  and  cuts  off  its  top  in  a  sloping  direction,  so  as  to  expose  a 
large  sur&ce  of  wood  and  bark.  He  cuts  the  lower  end  of  the 
young  branch,  termed  the  ^rrt^,  in  a  similar  manner,  and  then 
fixes  them  together ;  taking  especial  care  that  the  bark  and  wood 
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of  the  one,  should  meet  and  join  with  the  bark  and  wood  of  the 
other.  If  the  operation  sncceeda,  the  stock  and  the  graft  become 
so  completely  united  together,  as  to  form  in  time  bat  one  tree,  in 
which  all  mark  of  the  original  separation  has  disappeared.  The 
stock  draws  up  from  the  soil  the  fluid,  which  the  leayes  of  the 
graft  require ;  these  obtain  carbon  from  the  air,  and  elaborate 
the  crude  sap  into  proper  juice,  a  portion  of  which  is  supplied  by 
the  graft  to  the  stock  for  the  extension  of  its  own  tissues,  jnst 
as  if  the  stem  really  belonged  to  it. 

349.  To  effect  this  object,  it  is  generally  necessary  to  choose 
as  the  stock,  a  plant  either  of  the  same  species  with  the  graft,  or 
one  yery  closely  allied  to  it ;  and  the  less  the  relation^ip,  the 
more  care  and  precaution  must  be  taken  to  secure  a  union,  by 
bringing  the  newest  layers  of  bark  and  wood  into  contact.  It  is 
customary  to  select  for  the  purpose,  some  less  valuable  form  of 
the  same  species;  thus  the  cultiyated  yarieties  of  Pears  and 
Apples  are  grafted  upon  the  Wild  Pear  and  Crab.  Or  a  speoiea 
nearly  allied  will  sometimes  answer  almost  as  well,  and,  from 
being  readily  procured,  is  commonly  employed ;  thus,  Peaches 
and  Apricots  are  grafted  on  the  common  Plum.  The  operation 
does  not  always  succeed,  between  two  species  of  different  genera; 
and  it  fails  entirely,  if  an  attempt  is  made  to  unite  individuals 
of  different  fomilies.  Thus,  for  example,  Pears  answer  well 
upon  Pears,  nearly  as  well  upon  Quinces,  less  freely  upon  Apples 
or  Thorns,  and  not  at  all  upon  Plums  or  Cherries,  which  are  of 
a  different  family.  The  Lilac  will  take  upon  the  Ash,  notwitli- 
standing  their  great  apparent  difference,  because  they  are  of  the 
same  natural  fiamiily ;  but  the  Olive,  which  also  belongs  to  the 
same  family,  cannot  be  profitably  grafted  upon  the  Ash,  since 
the  yegetation  of  these  is  too  difierent,  to  allow  them  to  liye 
long  together. 

350.  From  what  has  been  said  regarding  the  readiness  of  the 
Misseltoe  (which  may  be  coosidered  as  a  natwroU  grafl)^  to  grow 
upon  various  kinds  of  trees,  and  the  great  similarity  of  the 
ascending  sap  in  most  of  Uiese,  it  is  eyident  tliat  the  cause, 
which  thus  restrains  the  gardener  in  the  choice  of  his  stock, 
18  not  merely  the  difference  in  the  properties  of  the  fluids  of  the 
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two  kinds,  but  also  the  difference  in  the  geDeral  character  of 
their  growth.  It  is  essential,  that  the 
stock  and  graft  should  be  naturally 
in  sap  at  the  same  time ;  and  this  is 
more  likely  to  be  the  case  in  nearly 
allied  species  than  in  others.  How- 
erer,  in  very  succulent  plants,  such  as 
the  Cacti,  of  which  the  fleshy  stems 
are  always  full  of  fluid,  grafts  of  very 
different  species  succeed  well  toge- 
ther ;  and  this  exception  helps  to  prove 
the  rule.  It  is  necessary,  also,  that 
the  rate  of  growth  of  the  two  should 
be  nearly  the  same ;  for,  if  the  graft 
be  of  more  rapid  growth  than  the 
stock,  and  more  be  sent  down  to  the 
latter  than  it  can  conrert  into  tissue, 
a  swelling  will  be  formed  above  the 

o  ^  Pkkfkndicular  SBcrioN  or  a 

line  #f  union,  like  that  which  takes  GRArr  inurtso  on  a  Dwjmt 
place  when  a  cord  is  bound  round  a 

stem  (§.  144) ;  and  this  will  increase,  so  as  in  time  to  cause  the 
death  of  both  parts,  by  altogether  obstructing  the  passage  of  fluid. 
351.  Not  only  does  the  process  of  grafting  enable  the  gar- 
dener to  multiply  with  greater  rapidity,  and  to  preserve  with 
more  certainty,  any  valuable  kinds  of  flower  or  fruit ;  but,  by 
the  judicious  selection  of  a  stock,  a  farourable  influence  may  be 
produced  upon  them.  Thus,  the  more  delicate  kinds  of  Vines 
produce  larger  and  finer  grapes,  when  worked  upon  coarser  and 
more  robust  kinds ;  and  the  Double  Yellow  Rose,  which  seldom 
opens  its  flowers,  and  will  not  grow  at  all  in  many  situations, 
blossoms  abundantly,  and  grows  freely,  when  grafted  on  the 
common  China  Rose.  Some  statements,  however,  which  im- 
pute to  the  stock  a  much  greater  inflaence,  are  without  any 
foundation  in  truth.  Thus,  it  has  been  asserted  that  Roses 
become  black,  when  grafted  on  Black  Currants ;  and  Oranges 
crimson,  if  grown  upon  the  Pomegranate : — but  this  is  altogether 
erroneous,  as  these  species  wiD  not  unite  at  all. 
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352.  Errors  in  regard  to  the  snccess  of  the  process  have 
arisen  from  an  occurrence  that  sometimes  takes  place, — the 
formation,  by  the  graft,  of  independmt  roots,  whidi  supply  it 
partly  or  whoUy  with  nourishment,  with  little  or  no  assistance 
from  the  stock.  In  this  way  has  been  explained  the  hct,  that 
the  Oliye  has  been  made  to  grow  upon  the  Fig  tree  (as  reccntled 
by  Columella,  one  of  the  earliest  writers  upon  Agriculture) ;  for 
no  proper  union  can  take  place  between  them,  on  account  of 
the  wide  difference  in  their  character.  Mention  is  made  by 
Pliny,  of  a  tree  in  the  garden  of  LucuUus,  whidi  was  so  grafted 
as  to  bear  pears,  apples,  figs,  plums,  olives,  almonds,  grapes,  See.  ; 
and  at  the  present  time  the  gardeners  of  Italy  sell  plants  of 
Jasmines,  Roses,  Honeysuckles,  &o.,  all  growing  together  from  a 
stock  of  Orange,  or  Myrtle,  or  Pomegranate,  on  which  they  say 
they  are  grafted.  But  this  is  a  mere  cheat ;  the  fact  being, 
that  the  stock  has  its  centre  bored  out,  so  as  to  be  made  into  a 
hollow  cylinder,  through  which  the  stems  of  Jasmines  and  other 
flexible  plants  are  easily  made  to  pass,  their  roots  intermingling 
with  those  of  the  stock.  After  growing  for  a  time,  tl^  in- 
crease in  the  diameter  of  the  stems  thus  endoeed  forces  them 
together,  and  they  assume  all  the  appearances  of  being  united^ 
Such  plants  are,  of  course,  very  short-liyed. 

353.  It  may  be  useful  here  briefly  to  retrace  the  mode,  in 
which  the  elaborated  sap  is  prepared  and  circulated.  The  roots 
(or,  failing  them,  the  general  surface  of  the  plant,  especially  the 
leaves  and  young  bark)  absorb  fluid,  which  consists  of  water, 
usually  having  some  carbonic  acid  and  ammonia  diffused  through 
it,  and  also  containing  a  small  proportion  of  earthy  matter 
(§.  169).  Tliis  fluid  is  conveyed  to  the  leaves,  in  part  by  the 
attraction  which  they  have  for  it,  and  in  part  by  the  propelling 
force  of  the  roots  (§.  116).  Whilst  ascending  the  stem,  it  is 
mixed  with  some  of  the  fluid  previously  elaborated,  and  it  under- 
goes some  changes,  in  which  oxygen  is  set  free,  and  in  which  the 
quantity  of  gum  and  sugar  contained  in  it  is  increased.  In  the 
leaves,  a  large  quantity  of  superfluous  fluid  is  parted  with,  by 
siphakaion  and  simple  evaponttion  ;  and  a  great  deal  of  additional 
carbon  is  obtained  by  the  green  surfaces,  from  the  carbonic  acid 
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of  the  soTj  under  the  influence  of  eun-light ;  at  the  same  time, 
k  small  quantity  of  carbonic  acid  is  being  constantly  set  free 
from  the  whole  surCsice,  by  the  process  of  rsifdrationy  oxygen 
being  absorbed. 

354.  These  are  the  principal  changes  which  can  be  detected 
by  the  observer ;  but  there  must  be  others  of  a  much  more  ex- 
traordinary nature,  taking  place  within  the  yessels  of  the  plant; 
by  which,  from  the  simple  elements  just  enumerated,  those  pecu- 
liar substances  are  formed,  which  are  to  serve  for  the  nutrition  of 
the  structure,  or  are  to  be  laid  up  for  some  yet  unknown  purpose 
in  its  economy.  Of  the  mode  in  which  water  and  carbonic  acid 
are  changed  into  gum  or  sugar,  the  chemist  is  entirely  ignorant; 
and  although  these  are  the  most  simple  of  all  the  extraordinary 
conversions,  which  take  place  in  the  assimilation  of  inorganic 
matter,  he  is  completely  unable  to  imitate  it.  There  is  rea- 
son to  hope,  however,  that  he  will  not  long  remain  so ;  since 
some  Animal  compounds  have  been  produced  by  artifidal 
means. 

355.  A  still  greater  mystery  is  the  process,  by  which  the 
elaborated  sap  is  converted  into  cellular  tissue,  or  any  other  form 
of  vegetable  structure.  Some  parts  of  this  process  have  been 
observed,  and  will  now  be  described ;  but  of  the  cause  of  the 
changes,  nothing  is  known.  The  young  seed,  before  the  flower 
has  expanded,  is  filled  with  a  sort  of  sweetish  mucilage,  which  is 
partly  composed  of  gum  ready  to  become  organised  (§.  329). 
The  first  step  consists  in  the  appearance,  in  what  was  before  a 
nearly  transparent  fluid,  of  a  large  number  of  very  minute  gra- 
nules. Soon  afterwards,  larger  granules  appear,  round  which  the 
smaller  ones  cluster;  and  they  soon  present  a  regular  form, 
resembling  that  of  pieces  of  money,  being  flattened  and  circular 
disks.  On  one  surfiice  of  each  of  these,  a  delicate  membrane  is 
seen  to  project,  just  as  a  watch-glass  projects  from  the  face  of  a 
watch ;  and  this  membrane  gradually  extends  much  beyond  the 
original  disk,  so  as  to  form  a  kind  of  bag,  in  one  wall  of  which 
that  body  is  included.  Still,  the  membrane  is  of  so  delicate  a 
consistence,  that  it  is  easily  dissolved  away,  by  shaking  the 
vessd  in  which  the  process  is  being  observed ;  and  it  is  not  until 
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some  tine  afterwards,  tbai  it  aoquirefl  any  considerable  firmnesB. 
Dariog  the  period  of  the  formation  of  the  cell*  the  space  between 
the  membrane  and  the  original  disk  is  filled  with  fluid ;  and  in 
this,  a  regular  circulation  may  be  seen  to  take  place, — several 
currents  proceeding  firom  the  nucleus  (or  csftoUaH  as  it  is  techni- 
cally called),  and  retoming  to  it  again. 

356.  When  the  cdl  becomes  mature,  the  original  disk  is  usually 
absorbed,  and  no  further  movement  of  fluid  is  seen  within  the 
cavity ;  but  there  are  some  cells  in  which  it  always  remains,  i^ 
pearing  as  a  dark  spot  in  their  walls ;  and  in  these,  the  oirculatioa 
of  fluid  generally  continues.  This  circulation  may  be  well  seen  is 
the  beaded  hairs  of  the  Tradmcantia  Virginica  (Virginian  Spido*- 
wort),  which  consists  of  several  distinct  cells ;  at  the  bottom  of 
each  of  these,  the  disk  or  nucUui  may  be  seen,  and  several  currents 

may  be  observed  to  proceed  from  it  and  return  to 
it  again.  It  is  a  circulation  of  this  kind,  which 
has  excited  much  attention  in  the  stem  and 
branches  of  the  Chora  (a  little  cryptogamic  aquatic 
plant),  which  consist  only  of  large  cells  laid  end 
to  end.  The  fluid  passes  down  one  side  of  the 
stem,  and  up  the  other,  turning  round  at  each 
cuMiBKTs  Hf  Tint  ©xtrcmity.  If  the  stem  (which  is  usually  com- 
HAiMorTRAoa^  posed  of  a  single  cell,  sometimes  many  mches 
long)  have  a  Uiread  tied  round  its  centre,  so  as  to 
separate  the  original  cell  into  two,  each  of  these  will  have  a 
complete  circulation  of  its  own.  A  similar  movement  of  fluid 
has  been  seen  in  the  Frog-hU  (anotiier  aquatic  plant  of  this 
country),  and  in  many  others ;  and  it  is  neariy  certain  that  it 
takes  place  in  every  vegetable  cell  thai  exists,  during  some  period 
of  its  growth ;  being  only  visible  for  a  short  time  in  some,  which 
soon  arrive  at  a  condition  little  subject  to  change ;  but  continuing 
during  the  greater  part,  or  the  whole  of  life,  in  others. 

357.  This  movement  of  fluid  in  the  individual  cells,  is  quite 
distinct  from  the  general  ciroula^n  which  has  been  described  in 
the  higher  plants.  It  is  a  part  of  the  process  of  formation,  by 
which  the  nutritious  fluid  that  is  brought  to  each  part,  is  con* 
verted  into  organised  tissue.    In  the  simple  CeUular  phots,  where 
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the  same  surfiM)e  perfbnns  alike  the  fonctions  of  absorption,  exha- 
lation, digeeiioo,  and  respiration,  there  is  no  general  circulation 
of  fluid ;  since  each  of  the  cells  compoong  the  whole  stmctore, 
imbibes  the  materials  of  its  nutriment  for  itself  and  converts 
them  into  the  substance  of  its  own  tisane,  or  employs  them  in 
the  production  of  new  cells.  These  seem  to  be  usually  deyeloped 
from  the  flnid  within  the  parent,  m  the  same  manner  as  the  cells 
of  the  young  seed  are  produced  firom  the  gummy  matter  it  con- 
tains, as  just  now  described ;  and  the  analogy  is  the  more  close, 
since  the  mertibiiuie  lining  the  seed  may  be  regarded  as  itself  a 
single  large  yeside.  The  increase  in  size  of  any  organ,  is  occa^ 
sioned  in  jpazt  by  the  enlargement  of  each  individual  cell,  and  in 
part  by  the  development  of  new  enss ;  which  are  ^rmed  in  some 
instances  between  those  previously  existing,  and  in  other  cases 
(especially  in  the  root)  at  the  extremity  only. 

358.  In  the  simplest  Cellular  plants,  therefore,  there  is  no 
necessity  for  any  general  curculation  of  fluid;  and  no  other  move- 
ment is  seen  but  that  which  occurs  in  single  cells.  But  in  the 
more  highly-organised  tribes, — ^where  the  parts  which  receive  the 
diflerent  kinds  of  food  firom  the  elements  around,  are  at  a  distance 
firom  each  other,  and  firom  those  to  which  the  nutritious  fluid 
must  be  supplied, — ^a  general  circulation  is  required,  to  bring 
them  all  into  connection ;  and  this  is  accordingly  found  to  exist, 
so  that  every  part  of  the  structure  is  nourished  by  a  fluid,  that  has 
been  elaborated  by  a  system  of  organs,  of  which  each  is  parti- 
cularly adapted  to  a  single  object,  whilst  the  actions  of  aJl  are 
directed  to  a  common  purpose.  This  elaborated  sap,  being  sup- 
plied to  the  growing  parts  of  a  plant,  gives  to  them  all  the  means 
of  development  that  they  can  require ;  and  they  then  only  need 
the  influence  of  light  and  heat,  to  perform  their  respective  actions 
with  vigour.  These  actions,  however,  are  all  performed,  in  the 
highest  plant,  as  in  the  lowest,  by  celli  alone ; — the  ve$9$ls  serv- 
ing merely  as  conduits  for  the  passage  of  fluid ; — and  the  woody 
fibres,  where  they  do  not  assist  in  this  office,  being  destined 
merely  to  give  mechanical  support  to  the  fabric.  It  is  by  the 
oells  of  the  spongioles,  that  the  fluid  taken  in  by  the  roots  is 
absorbed ;  it  is  by  the  cells  of  the  leaves  and  other  green  parts, 
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that  carbon  is  fixed  firom  the  air ; — these  same  odb  are  the  in- 
struments of  the  fiinctions  of  exhalation  and  respiration^  and  of  the 
final  elaboration  of  the  sap ;— other  cells,  dispersed  through  Tarioos 
parts  of  the  plant,  have  the  office  of  secreting  or  separating  from 
this  some  of  its  peonliar  contents ;— and  lastly,  it  is  by  the  action 
of  cells  (as  we  shall  hereafter  see,  Chap,  xn.),  that  the  process  of 
reproduction  is  carried  on,  in  the  highest,  as  in  the  lowest.  Thus 
in  regard  to  the  actions  of  the  cells,  of  which  they  are  respectivdy 
composed,  there  is  but  little  difference  between  the  simplest  and 
most  complicated  Vegetable  structures;  the  distinction  being 
chiefly  in  this, — ^that  among  the  former,  one  cell  may  discharge 
all  these  offices ;  whilst  in  the  latter,  the  sereral  funottons  are 
performed  by  distinct  oslls,  adapted  to  them  alone. 
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CHAPTER  X. 

OF  THE  SECRETIONS  OF  PLANTS. 

359.  Wb  haye  seen  that  the  elaborated  sap  contaiDS  the 
materials  of  the  yarious  tissues  of  the  Vegetable  fabric ;  and  an 
outline  has  just  been  giyen,  of  what  is  known  of  the  mode,  in 
which  they  are  conrerted  into  living  structure.  The  principal 
uses  to  Man  of  the  various  kinds  of  these  structures,  will  be  best 
stated,  when  the  chief  groups  of  plants  are  described,  in  the 
second  division  of  this  volume.  We  have  next  to  consider  a  class 
of  products,  which  are  not  of  the  same  character ;  for  they  serve 
no  obvious  purpose  in  the  nutrition  of  the  plant  itself,  and  are 
never  converted  (so  far  as  can  be  ascertained)  into  the  materials 
of  its  tissues.  They  usually  make  their  appearance  in  the  ela- 
borated sap ;  but  not  unfrequently  they  are  afterwards  separated 
in  some  degree  from  it,  and  stored  up  (as  it  were)  in  a  particular 
portion  of  the  plant.  In  Animals  we  find  a  provision  of  a  similar 
kind.  The  blood  not  only  contains  the  elements  of  the  solid 
tissues  which  are  to  be  nourished  by  it,  but  also  of  fluid  secretions, 
which  are  separated  from  it  by  special  organs.  Hence  the  term 
seiretumy  which  means  a  separation  or  setting-apart,  is  derived. 

360.  In  Animals,  however,  such  secretions  are  usually  des- 
tined to  answer  some  obvious  purpose,  either  in  the  system  or  out 
of  it.  Thus  the  secretion  of  saliva  serves  to  moisten  the  food, 
and  that  of  gastric  juice  to  digest  it ;  and  in  this  process  it  is  one 
function  of  the  bile  to  assist.  Again,  the  secretion  of  milk  in  the 
female  for  the  nourishment  of  the  young,  that  of  poison  in  the 
venomous  serpent  for  the  destruction  of  its  prey,  that  of  the  glu- 
tinous fluid  with  which  the  spider  constructs  its  web,  are  instances 
of  the  separation  of  certain  ingredients  of  the  blood,  which  are 
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sent  out  of  the  body  for  particular  objects.  But  Secretion  in 
animals  has  other  purposes ; — namely,  to  purify  the  blood  from 
certain  ingredients,  which,  if  they  accumulated  in  it,  would 
occasion  disease  and  even  death.  This  is  the  purpose  of  the 
separation  of  carbonic  acid  by  the  lungs  ;  and  also,  in  part,  of  the 
secretion  of  bile,  which  carries  off  a  large  quantity  of  the  super- 
fluous carbon  of  the  system.  In  the  same  manner,  the  secretion 
of  urine  carries  out  the  superfluous  nitrogen,  which  exists  yery 
largely  in  this  fluid.     (See  Anim.  Phtsiol.  Chap,  tii.) 

361.  Now  in  regard  to  the  Secretions  of  Phints,  it  is  very 
remarkable  that,  whilst  in  number  and  yariety  they  much  exceed 
those  of  Animals,  the  use  of  them  in  the  Vegetable  economy 
should  be  much  more  obscure.  In  a  few  instances  only  are  they 
destined  to  be  sent  out  of  the  system ;  they  are  usually  deposited 
in  some  part  of  it ;  yet  they  are  not  even  separated  in  every  in- 
stanoe,  from  the  nutritious  part  of  tlie  juices,  in  which  they  are 
at  first  formed.  The  SecrelMM  of  plants  comprehend  all  the 
pMuUar  products,  which  do  not  form  part  of  their  tissues ;  thus, 
all  the  vegetable  dyes,  the  active  medicinal  principles,  the  oils, 
resins,  &c.,  and  the  aromatic  or  volatile  oils,  belong  to  this  dass 
of  products.  Now  as  the  substance  of  which  the  tissues  of 
plants  are  composed,  is  everywhere  almost  the  same,  any  varieties 
which  these  tissues  may  present,  in  cobur,  taste,  &e.,  must  be 
due  to  them ;  and  it  is  from  their  presence,  that  eadi  plant 
derives  its  particular  character,  either  as  an  article  of  food,  or  as 
furnishing  products  useful  in  medicine  or  the  arts.  The  pure 
vegetable  tissue,  and  the  nutritious  gum  or  starch  combined  with 
it,  are  nearly  tasteless ;  and  the  alburnum  or  sap-wood  of  trees 
possesses  neither  toughness  nor  colour.  The  former  may  be 
rendered  uneatable,  by  the  disagreeable  taste  or  injurious  nature 
of  the  secretions  diffused  through  it ;  the  latter  is  strengthened, 
and  receives  its  peculiar  colour,  by  the  deposition  in  its  cells  and 
tubes,  of  products  which  have  been  separated  from  the  circulating 
fluid,  and  which  give  to  the  wood  a  density  proportionate  to 
their  amount,  and  to  their  own  power  of  subsequently  hardening. 

362.  The  formation  of  these  Secretions  is  still  more  dependent 
on  the  influence  of  %A/,  than  is  that  of  the  nutritive  materials 
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ihemselvefl.  Many  plants,  which,  under  the  rays  of  a  tropical 
suD,  produce  secretions  of  a  powerful  charact^,  whether  as  tnedi- 
oines,  as  aromatics,  or  as  dyes,  are  almost  inert  in  colder  climates, 
even  when  the  amount  of  heat  artificially  given  may  fully  equal 
that  to  which  they  have  heen  accustomed.  TIius,  the  Tobacco 
of  Persia  is  universally  celebrated  for  its  peculiar  perfume  ;  and 
from  the  Roses  of  the  South  alone  is  it  worth  while  attempting 
to  obtain  the  powerful  essential  oil,  which  is  known  as  Otto  or 
Atar  of  Roses.  This  circumstance  is  taken  advantage  of  in  the 
growth  of  vegetables  for  the  tabic;  for,  if  they  are  reared 
under  a  diminished  light,  many  kinds  of  plants  may  be  used  as 
food,  which  naturally  contain  secretions,  either  unpleasant  in 
taste  or  injurious  in  character.  Such  are  the  Sea-kale,  Lettuce, 
and  Ciohory;  whicb  are  prevented  firom  becoming  rawAr,  by 
heaping  earth  around  their  young  shoots,  or  by  growing  the 
entire  plant  in  a  dark  situation.  The  peculiar  secretions,  too, 
are  not  present  in  young  plants,  all  whose  energy  seems  ex- 
pended in  the  extension  of  their  own  structure ;  hence  those 
kinds,  which  are  afterwards  rank  poisons,  may  be  eaten  with 
impunity  at  an  early  period.  Thus  the  peasants  of  Languedoc 
employ  young  poppies  as  food  ;  and.  cattle  do  not  reject  noxious 
weeds  in  spring,  which  their  instinct  would  not  permit  them  to 
touch  in  summer. 

363.  As  the  special  secretions  of  plants  are  formed  in  the 
elaborated  sap,  they  will  not  be  found  in  those  parts,  to  which 
it  is  not  afterwards  conveyed.  They  may  generally  be  traced 
first  in  the  leaves ;  but  in  the  course  of  their  descent,  they  are 
often  separated  by  some  particular  organ,  in  which  they  are  con- 
centrated (as  it  were)  to  the  exclusion  of  the  rest.  Thus  many 
of  the  nH)6t  powerful  medicinal  agents  are  obtained  from  the 
bark  ;  some  abound  most  in  tlie  roots ;  other  products,  especially 
resins  and  colouring  substances,  seem  to  be  chiefly  deposited  in 
the  wood  ;  fixed  oils  are  generally  conveyed  to  the  seeds,  where 
they  seem  to  be  deposited  for  the  same  purpose  as  starch, — the 
nourishment  of  the  embryo  ;  whilst  aromatic  oils  are  generally 
found  cither  in  the  leaves,  in  the  leafy  parts  of  the  flower,  or  in 

«2 
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the  coats  of  the  seed  or  fhiit.  Not  unfrequently  certain  little 
bodies,  which  have  received  the  name  of  gh&nds^  are  seen  on  the 
surface  of  the  leaves,  from  which  fluids  are  poured  forth  for 
various  purposes.  Thus  the  Nettle  is  covered  with  glands  of  this 
kind,  that  secrete  an  acrid  fluid,  which,  being  conveyed  through 
a  pointed  tubular  hair  mounted  upon  the  ghuid,  produces  an 
irritation  in  the  wound  made  hj  the  hair,  just  as  does  the 
poison  of  the  tooth  of  the  serpent  or  the  sting  of  an  insect  (§.  97)* 
The  little  Dro$era  (Sundew)  again,  exudes  a  gluey  secretion 
from  the  surface  of  its  leaves,  which  serves  to  attract  and  retain 
Insects,  the  decay  of  whose  bodies  seems  to  contribute  to  its 
healthy  existence,  as  it  does  to  that  of  the  DionsBa  (§.  246). 

364.  A  detailed  account  of  the  various  Secretions  of  plants 
would  not  be  adapted  to  this  work ;  and  we  shall  confine  our- 
selves here  to  a  notice  of  those,  which  are  most  serviceable  to 
mankind.  Of  all  these,  there  are  none  which  can  be  at  all  com- 
pared in  importance  with  the  €usoi%9ed  compounds,  chiefly  formed 
in  certain  seeds,  which  afford  a  most  important  article  of  food  to 
Animals.  These  compounds  are  made  up  of  oxygen,  hydrogen, 
carbon,  and  nitrogen  (or  azote),  united  in  the  same  proportions 
as  those  which  exist  in  the  Fibrin  and  Albumen  of  Animals 
(Anim.  Physiol.,  §.  21).  Several  of  these  azotised  secretions, 
having  slight  differences  in  properties,  but  agreeing  in  all  essen- 
^1  characters,  exist  in  Plants ;  and  there  are  few  Vegetables, 
in  which  some  are  not  to  be  found.  The  most  important  of  them 
are  the  ghUen^  which  forms  a  great  part  of  the  corn-grains,  being 
especially  abundant  in  Wheat ; — and  the  legumin^  which  exists 
largely  in  the  Pea  and  Bean,  and  in  other  seeds  of  the  Leguminous 
tribe.  The  great  abundance  of  these  principles  in  the  corn-grains 
and  in  the  seeds  of  the  Leguminossd,  renders  them  peculiarly 
serviceable  as  articles  of  food  to  Man  and  Animals ;  and  we 
accordingly  find,  that  they  have  been  in  cultivation  £rom  the 
earliest  period  of  which  we  have  any  historical  records.  Indeed 
the  original  form  of  the  Cerealia  (Cora  of  various  kinds)  is  now 
completely  lost.  In  the  Potato,  also,  and  other  tubers  and 
roots  which  contain  starch  in  large  quantities,  tliere  is  usoally 
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more  or  less  azotised  matter,  which  adds  to  their  value  as  articles 
of  nutriment.  The  use  of  these  suhstanoes  in  the  economy  of 
the  Plant  is  not  known. 

365.  Next  in  importance  to  these,  we  are  prohahlj  to  rank 
Tannin.  This  is  the  substance,  by  the  chemical  agency  of  which, 
upon  animal  tissues  containing  gdaixn  (the  material  commonly 
known  as  glue,  which  forms  a  large  part  of  the  skin  of  most 
animals),  leather  is  produced.  Its  chemical  effect  upon  gelatin 
may  be  shown,  by  steeping  some  oak-bark,  or  bruised  gall-nuts, 
in  water ;  and  then  adding  some  of  this  fluid  to  water  in  which 
glue  has  been  dissolved.  A  quantity  of  flaky  matter  will  fall 
down,  which  is,  in  fact,  leather ; — ^its  particles  being  separate 
firom  each  other,  on  account  of  the  liquid  form  in  which  the 
elements  were  brought  together.  The  process  of  tanning  con- 
sists in  steeping  the  skins  to  be  converted  into  leather,  in  a 
solution  of  tannin ;  this  slowly  penetrates  their  substance,  con- 
verting tlieir  gelatin,  which  would  otherwise  soon  undergo  putre- 
faction, into  the  compound  just  mentioned,  which  is  capable  of 
resisting  decay.  And,  as  no  injury  to  the  texture  of  the  skiif  is 
done  by  this  process,  it  is  converted  into  a  substance  which,  firom 
its  pliancy,  combined  with  toughness  and  durability,  is  useful 
for  a  great  variety  of  purposes. 

366.  In  this  country  tannin  is  principally  obtained  firom  oak- 
bark  ;  but  as  of  late  years  the  supply  of  that  material  has  not 
been  equal  to  the  demand,  it  has  been  necessary  to  look  for  some 
other  source,  firom  which  it  may  be  procured.  Several  other 
trees  common  in  this  country  yield  tannin ;  such  are  the  elm, 
willow,  elder,  plum,  sycamore,  birch,  cherry,  poplar,  hasel,  and 
ash ; — but  the  proportion  contained  in  all,  save  the  two  first  of 
these,  is  not  sufficient  to  render  their  cultivation  for  this  object  a 
source  of  profit.  Even  the  common  heath  has  been  applied  to 
this  purpose;  the  tannin  bemg  extracted  firom  it  by  boiling. 
There  are,  however,  many  trees  of  tropical  climates,  which  con- 
tain a  larger  proportion  of  tannin  than  that  yielded  by  oak-bark. 
One  of  tiiese  is  a  kind  of  Sensitive-plant  (Acacia  Catechu)^ 
which  flourishes  abundantly  in  the  mountainous  parts  of  Ilin- 
dostan,  and  3delds  the  substance  known  as  Catechu^  or  Terra 
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Japonka  ( Japuiese  earth,  from  its  earthy  appearaoce),  whioh  is 
Buioh  valued  in  msdioine  from  its  astriDgent  properties,  and 
which  acts  very  powerfully  on  gelatin.  It  is  a  dry  extract,  pre- 
pared by  boiling  the  heart-wood  of  the  tree,  cut  into  chips,  and 
then  evaporating  the  superfluous  wi^er.  The  Mangrwe  tree,  of 
the  East  and  West  Indies,  is  another  from  which  a  large  quaii* 
tity  of  tanning  matter  may  be  obtained.  This  curious  tree 
grows  on  the  borders  of  the  sea  and  on  the  banks  of  rivers ;  its 
stem  is  supported  by  a  large  number  of  branching  roots,  which 
rise  out  of  the  water  in  arches  sereral  feet  high,  dosely  inter- 
twining with  each  other ;  and  the  branches  hang  down,  and  send 
forth  similar  roots*  as  in  the  Banyan  (§.  152).  The  extract  made 
from  its  bark  is  used  for  tanning  in  many  parts  of  the  West  Indies 
and  in  Uindostan ;  and  it  is  said  to  perform  its  office  more  per- 
fectly in  six  weeks,  than  oak-bark  does  in  ten,  producing  a  letter 
more  firm  and  durable.  In  New  Holland,  there  is  an  abundance 
of  a  species  of  Aoaoia,  which  is  cut  down  for  the  purpose  of 
clearing  land ;  and  from  this  it  has  been  ascertained  thai  an 
exthict  may  be  made,  fully  equal  to  oak-bark.  As,  notwith- 
standing the  distance  of  the  colony,  it  can  be  supplied  very 
cheaply,  so  long  as  there  is  a  superfluity  of  the  Acacias  it  will 
probably  take  the  place  in  great  degree  of  oak-bark.  The  Euca- 
lypti of  New  Holland  also  contain  a  large  quantity  of  tannin  in 
their  bark. 

367.  Another  secretion  of  great  importance  in  the  arts,  and 
of  which  new  and  valuable  applications  are  constantly  being  dis* 
covered,  is  CcmUekouo^  commonly  known  as  Indian  Rubber.  It 
was  first  brought  as  a  great  curiosity  from  South  America  about 
150  years  ago  ;  and  for  a  long  time  nothing  was  known  of  the 
source  from  which  it  was  obtained ;  nor  was  it  ^oplied  to  any 
useful  purposes,  except  the  rubbing-out  of  pencil  marks,  from 
which  it  took  its  name.  It  is  known  to  be  contained  abundantly 
in  the  juices  of  many  trees,  growing  in  tropical  climates ;  as  wdl 
aS|  in  smaller  quantity,  in  many  plants  of  temperate  regions :  it 
seems  to  form  an  essential  part  of  the  milky  juices  (as  they  are 
termed,  from  their  white  colour,  rather  than  from  their  pro- 
perties), which  are  charactenstie  of  several  tribes  of  Vegetables, 
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especially  of  the  ArUcarpea  (Bread-fruit  tribe),  Apoof^nem 
(Oleander  tribe),  and  Et^herhiaceoB  (Spurge  tribe)  wbicb  will  be 
hereafter  more  particvku^y  described.  To  the  first  of  these 
orders,  belongs  the  celebrated  Palo  de  Yaoca^  or  Cow-tree  of 
South  America ;  which  yidds  a  copious  supply  of  a  rich,  bland, 
and  wholesome  fluid,  closely  resembling  milk.  In  the  plants  of 
the  second  order,  the  milk  is  usually  rendered  bitter  and  poisonous, 
by  the  admixture  of  other  secretions :  and  in  the  third  it  is  of  a 
Tery  acrid  character.  In  otlier  orders  of  plants  having  milky 
juicea,  however,  caoutchouc  forms  but  a  very  small  proportion  of 
them ;  such  are  the  Papawrac9af  (Poppy  tribe)  and  dehm^aeem 
(Cichory  tribe)  ;  and  here  it  is  replaced  by  opium^'-*^  substance 
presently  to  be  adverted  to.  The  juices  which  contain  caout^ 
chouc  aiB  obtained,  by  making  incisions  into  the  bark ;  and  the 
fluid  which  runs  from  them  soon  thickens,  on  exposure  to  the  air, 
into  a  substance  of  a  pure  white  colour,  having  neither  taste  or 
smell.  The  daork  colour  which  caotttchouo  usually  presents,  is 
received  from  the  smoke  of  the  fire  over  which  it  is  dried. 

368.  The  use  of  Caoutchouc  in  the  arts  and  manu^Eietures 
results  frx)m  two  distinct  properties ; — ^its  high  degree  of  elasticity ; 
— and  its  complete  impenetrability  to  water.  The  modes  in 
which  its  elasticity  is  made  useful  are  extremely  numerous; 
amongst  others  may  be  mentioned,  the  employment  of  it  to  form 
ela0tic  webs,  which  are  partly  woven  with  threads  spun  from  it, 
and  which  are  introduced  into  braces,  saddle-girths,  and  other 
bands  in  which  a  steady  and  equable  pressure  is  required.  Its 
impenetrability  to  fluid  has  long  been  known,  and  was  applied 
by  the  Indians  of  South  America  in  ^le  production  of  waterproof 
boots;  tiiese  were  made  by  spreading  the  juice,  when  flowing 
fii*c^  from  the  tree,  over  moalds  of  clay,  which  could  be  after- 
wards broken  away  frt>m  their  interior.  Similar  articles  have 
been  made  in  this  country,  by  keeping  the  juice  in  bottles  from 
which  the  air  was  excluded ;  l^  which  means  it  has  been  brought 
over  in  a  perfectly  fluid  state,  without  losing  its  power  of  hard- 
ening when  exposed  to  the  atmosphere. 

369.  But  of  late  years,  a  much  more  effectual  and  ready 
means  has  presented  itself,  of  thus  employing  to  great  advantage 
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the  Taluable  properties  of  Caontdioiio,  in  the  disooyery  of  the 
power  of  ether  and  naphtha*  to  dissolye  it,  without  changing  its 
properties ;  so  that  a  kind  of  Tarnish  may  be  thus  formed,  from 
which,  when  it  is  spread  over  any  snr&oe,  the  dissolYing  fluid 
(which  is  extremely  vohitile)  will  eraporate,  leaving  a  very  thin 
coating  of  caoutchouc  behind.  It  is  in  this  mannor,  that  the 
waterproof  fabrics  are  made,  which  are  now  so  much  employed 
for  cloaks,  wrappers,  &c.;  and  as  these  are  also  air-tight,  they 
may  be  used  for  air-cushions,  mattresses,  Sec  The  fabric  con- 
sists of  two  layers  of  cloth,  which  are  yamished,  each  on  one 
side,  and  then  passed  between  a  pair  of  rollers  with  the  var- 
nished sides  in  contact;  so  that  the  two  layers  are  pressed 
closely  together,  a  thin  layer  of  caoutchouc  existing  between 
them.  Some  idea  of  the  great  and  increadng  consumption  of 
this  substance,  new  and  useful  applications  of  which  are  ccmi- 
stantly  being  discovered,"!*  may  be  formed  from  the  hct  that» 
whilst  in  1830  the  quantity  imported  into  England  was  more 
than  52,0001bs.  (nearly  double  that  imported  in  the  preceding 
year),  the  consumption  in  the  year  1833  was  nearly  180,0001bs.; 
and  there  can  be  little  doubt  that  it  has  since  increased  in  nearly, 
if  not  quite,  as  rapid  a  proportion. 

370.  The  large  number  of  OUs  obtainable  from  plants,  may 
be  divided  into  the  fixed  or  fiit  oils,  from  which  no  vapour 
passes  off  at  the  temperature  of  boiling  water ;  and  the  volatile 
or  essential  oils,  which  give  off  vapour  at  or  below  that  tempe- 
rature. The  latter  are  the  sources  of  all  the  odours,  diflused  so 
widely  through  the  vegetable  kingdom ;  and  furnish,  also,  some 
materials  of  great  importance  in  the  arts  of  life.  The  fixed  oils 
are  all  obtained  by  pressure  from  the  fruits  or  seeds  of  plants, 
especially  those  of  the  Nut  kind,  all  of  which  contain  it  in 

*  This  flaid  it  obtained  in  England  from  the  tar,  wbich  panea  otbt  with  the 
gas  now  so  nnivenallj  emplojed,  when  coal  ia  heated  in  closed  retorts. 

+  A  patent  has  lately  been  obtained  for  the  employment  of  solid  Gaoutcbonciii 
saddles  and  horse-collars.  Two  objects  are  here  attained  by  it;— the  much 
increased  comfort  of  the  horse,  by  the  equal  diffusion  of  pressure  over  the  surface, 
by  which  palling  is  prevented  ;-^and  the  preservation  of  the  padding  beneath,  by 
protecting  it  from  being  saturated  (as  it  otherwise  frequently  is)  with  the  perspira- 
tion of  the  animal. 
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gieater  or  less  proportion.  That  in  the  greatest  request  is  dwe 
oil ;  which  is  ohtained  both  firom  the  pulpy  part  of  the  firuiti  and 
from  the  seeds ;  that  drawn  from  the  former  source  is  regarded 
as  the  best,  being  lees  liable  than  the  other  to  become  rancid. 
The  olive-tree  was  originally  a  native  of  Syria,  Persia,  and  other 
hot  countries  in  Asia ;  but  it  has  gradually  extended  itself  over 
the  South  of  Europe  and  the  North  of  Africa.  The  cultivation 
of  it  has  been  principally  attended  to  in  times  of  peace,  of  which 
it  was  considered  as  the  sjrmboL  It  is  extremely  profitable  to 
the  grower,  if  properly  attended  to.  The  young  olive-plant 
bears  at  two  years  old ;  and  in  six  years  begins  to  repay  the 
expense  of  cultivation,  even  if  the  ground  beneath  it  be  not  made 
to  yield  any  other  crop.  It  continues  to  be  profitable  for  a  long 
period,  rivalling  the  oak  in  longevity,  and  bearing  good  cropa 
when  the  trunk  is  reduced  to  a  mere  shell ;  so  that  it  is  a  com- 
mon proverb  where  it  is  cultivated, — ^'  If  you  want  to  leave  a 
lasting  inheritance  to  your  children's  children,  plant  an  olive." 
Olive  oil  is  very  extensively  used  in  the  south  of  Europe,  in  the 
preparation  of  various  dishes  for  the  table,  for  consumption  in 
lamps,  for  the  manufacture  of  the  superior  kinds  of  soap,  and 
for  various  other  purposes.  It  b  used  very  largely  in  this 
country,  in  spite  of  a  heavy  duty ;  upwards  of  four  millions  of 
gallons  having  been  imported  in  1831,  of  which  about  half  was 
exported  again  to  other  countries. 

371.  Rape  oil  is  obtained  from  the  seeds  of  a  species  of 
Brauiea,  a  plant  closely  allied  to  the  Cabbage,  which  is  culti- 
vated for  that  purpose  in  France  and  some  parts  of  England.  It 
is  much  used  for  burning  in  lamps ;  and  has  the  advantage  over 
others,  that  it  remains  fiuid  at  a  lower  temperature.  Linseed 
oil,  which  is  obtained  from  the  seeds  of  the  Flax-plant,  is  of 
very  general  application  in  the  aits ;  especially  in  oil-painting, 
and  in  the  composition  of  varnishes,  for  which  it  is  particularly 
adapted  by  its  property  of  dr3dng  on  exposure  to  the  air.  This 
power  may  be  increased  by  boiling  the  oil,  which  is  then  termed 
drying-<Al ;  it  is  in  this  manner  that  printer^s-ink,  which  is  a 
sort  of  paint  composed  of  oil  and  lampblack,  is  made  to  dry 
rapidly.     The  seed  of  the  Hemp-plant  yields  an  oil  nearly  as 
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Tslnable ;  and  it  has  lately  been  found,  that  a  large  qnantitj 
may  be  extracted  from  the  cotton-seed ;  so  that  each  of  these 
three  plants  is  valuable  to  man  in  two  very  different  ways.  The 
hard  cake^  left  after  these  oils  have  been  pressed  out  firom  the 
seed,  is  used  for  feeding  cattle.  8an-flower  and  mnstard  seeds, 
also,  3rield  a  good  oil,  which  is  employed  in  the  oonntries  in 
which  these  plants  abound,  as  a  substitute  for  other  seed  oils.  A 
large  quantity  of  oil  is  now  obtained  on  the  Continent  of  Europe, 
from  the  seeds  of  the  Poppy.  It  was  commonly  supposed,  when 
this  oil  was  first  introduced  into  use,  that  it  must  partake  of  the 
narcotic  properties  of  the  plant ;  but  this  was  erroneous ;  for  oil, 
like  starch,  may  often  be  separated  from  the  peculiar  juices  of 
the  plant,  without  being  influenced  in  the  slightest  degree  by 
their  properties.  Poppy  oil  is  a  very  useftd  one  in  the  composi- 
tion of  varnishes,  on  account  of  its  freedom  from  colour  and  its 
drying  quality ;  in  the  northern  parts  of  France,  it  is  much  used 
by  soap-boilers.  Oil  is  also  obtained  in  many  parts  of  the  Con- 
tinent, especially  Switzerland,  from  Walnuts  and  Hazel-nuts; 
this  is  much  esteemed  by  vamishers,  for  the  same  properties  as 
Poppy  Oil.  The  influence  of  climate  on  the  production  of  oil, 
is  well  shown  by  the  fact  that,  from  these  nuts,  which  in  Eng- 
land would  scarcely  yield  enough  to  repay  the  labour  of  extract- 
ing, half  their  weight  of  oil  may  be  drawn  in  the  South  of 
Europe.  Nearly  the  same  may  be  said  of  the  Beech,  from  the 
kernels  of  which  about  27  per  cent,  of  oil  is  obtained  in  some 
parts  of  France  and  G^ermany. 

372.  Another  important  vegetable  oil  is  that  known  under 
the  name  of  Palm  Oil ;  it  is  obtained  from  the  fruit  of  two  spe- 
cies of  Palm,  which  grow  in  several  parts  of  Africa,  especially  in 
Senegal.  One  of  these  is  named  Coeot  butyracea^  from  the  but- 
tery nature  of  its  oil,  which  is  much  employed  by  the  natives 
along  the  Gold  Coast  as  an  article  of  diet,  and  which,  when 
fresh,  is  delicate  and  wholesome.  It  is  imported  into  Britain  in 
large  quantities,  chiefly  for  the  soap-maker  and  perfumer.  The 
quantity  retained  for  home  consumption  in  1839,  was  276,000 
hundred- weight.  The  oil  is  contained  in  the  kernels  of  the  nuts, 
which  are  not  very  diflbrcnt  from  those  commonly  known  as 
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Cocoa-nuts ;  these  last,  also,  yield  a  large  quantity  of  oil,  which 
congeals,  at  the  ordinary  temperature  of  the  air,  into  a  white 
fatty  substance.  In  Ceylon,  where  this  fruit  is  most  abund- 
antly produced,  its  oil  is  employed  by  the  natives  for  a  great 
variety  of  purposes.  It  makes  a  most  excellent  lamp-oil,  except 
from  its  tendency  to  congeal  by  a  slight  amount  of  cold ;  and  for 
this  purpose  it  is  employed  by  the  Cingalese ;  whose  greatest 
consumption  of  it,  however,  is  for  the  anointing  their  bodies.  In 
this  country,  a  process  has  been  discovered,  by  which  the  oil 
may  be  separated  into  two  parts ;  one  resembling  fat,  which  may 
be  applied  to  the  making  of  candles ;  whilst  the  other  is  as  fluid 
as  most  other  oils,  and  is  particularly  adapted  for  lamps.  The 
oil  is  also  well  adapted  to  the  wants  of  the  soap-maker.  Its 
consumption  in  Britain  is  much  increasing ;  in  the  year  1830 
nearly  40,000  hundred- weight  of  the  oil  was  employed  in  various 
ways  in  this  country.  The  oil  known  as  Ben-oil  is  of  more 
importance  than  might  be  supposed,  from  the  small  quantity  of  it 
introduced  into  this  country.  It  is  produoed  from  a  tree,  grow^ 
ing  in  the  East  Indies,  Eg3^t,  and  the  Levant,  which  belongs 
to  the  same  group  with  the  Tamarind.  The  peculiarity  of  tiiis 
oil  consbts  in  its  very  slight  tendency  to  become  rancid,  and  in 
its  perfect  freedom  from  smell ;  on  which  account  it  is  much 
used  by  the  perfumers,  to  retain  the  soent  of  the  more  fragrant 
oils.  At  a  low  temperature,  it  separates  into  two  parts,  the  one 
solid  and  the  other  liquid ;  and  the  latter  is  employed  by  watch- 
makers, in  preference  to  any  other  oil,  for  lubricating  their  deli- 
cate works,  on  account  of  its  having  no  action  upon  the  metals. 
373.  The  e$$mtial  or  toUUile  oils  are  mostly  obtained  frt>m 
the  leaves  or  flowers  of  plants ;  sometimes,  however,  they  exist  in 
the  wood  and  bark,  or  in  seeds.  In  all  instances  they  possess  a 
powerful  scent ;  and  the  degree  of  this  depends  upon  the  ten- 
dency, which  the  fragrant  oil  has  to  diffuse  its^f.  In  some  of 
the  most  odorous  flowers,  this  tendency  is  so  great,  that  the  oil 
cannot  be  procured  in  a  separate  form ;  and  their  parfome  is 
obtained,  by  causing  the  flowers  to  impart  it  to  some  fixed  oil ; 
for  which  purpose  Ben  oil  is  preferred,  where  it  can  be  obtained. 
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The  Tolfttile  oils  are  not  eanly  obtained  hy  pressure ;  bat  are 
readily  driven  off  by  heat ;  but  this  must  not  be  so  great  for 
the  most  diffusible,  as  that  of  boiling  water.  To  communicate 
the  firagranoe  of  flowers  to  a  fixed  oil,  cotton  soaked  in  it  is 
placed  in  alternate  layers  with  the  flowers  whoee  scent  is  to  be 
obtained,  so  as  to  fill  a  close  vessel,  which  is  then  placed  in  hot 
water  for  twenty-four  hours ;  during  this  time,  the  fixed  oil  will 
have  imbibed  the  rich  perfume  of  the  flowero,  and  it  is  then 
separated  firom  the  cotton  by  pressure. 

374.  Those  essential  oils  which  are  somewhat  less  volatile,  may 
be  obtained  by  distillation,  in  the  same  manner  as  spirits.  The 
substances  which  yield  them  are  put  mto  a  vessel,  with  water  to 
prevent  their  beinp;  over-heated.  When  the  water  is  boiled,  the 
oil  passes  away  with  the  steam ;  and,  when  both  are  condensed, 
it  floats  upon  the  surface  of  the  water.  A  large  number  of  oila» 
possessing  great  fragrance  and  strong  taste,  may  thus  be  obtained 
from  different  kinds  of  plants ;  and  these  oils  are  used  in  per- 
fumery, in  confectionery,  and  in  medicine.  The  oils  of  Roses, 
Lavender,  Chamomile,  &c.  are  distilled  from  the  flowers ;  those 
of  the  various  plants  of  the  Mint  kind — Peppermint,  Spearmint, 
Pennyroyal,  &c.,  from  the  leaves  and  stems,  which  contain  it 
in  a  number  of  little  receptacles  near  their  surface;  that  of 
Sassafras  from  the  wood;  that  of  Cinnamon  from  the  bark; 
that  of  Caraway,  Anise,  Fennel,  and  other  Umbelliferous  plants, 
from  the  coats  of  their  seeds,  in  which  they  are  stored  up  in 
little  receptacles ;  that  of  Lemons,  from  similar  receptacles  in 
the  rind  of  the  fruit ;  and  that  of  Nutmeg,  from  the  seed  itself. 
Many  of  these  oils  contain  Camphor,  which  may  be  separated 
firom  them  by  exposure  to  cold.  Sometimes  the  secretion  of 
volatile  oil  is  so  abundant,  as  to  make  itself  perceptible  in  the 
atmosphere  around,  to  other  senses  besides  smell.  Thus  the 
Fraxinella  gives  off  so  much  from  its  leaves,  that  the  air  in  its 
neighbourhood  is  highly  inflammable  in  warm  weather.  There 
are  some  substances,  which  seem  to  contain  the  materials  of  an 
essential  oil,  rather  than  the  oil  itself.  Thus  when  water  is 
added  to  flower  of  Mustard,  an  acrid  and  volatile  oil  is  produced. 
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very  imtatiDg  to  the  eyes ;  yet  no  evidence  of  its  existence  can 
be  obtained,  without  the  addition  of  water ;  so  that  the  latter 
probably  occasions  some  change  of  composition,  by  which  the 
oil  is  produced.  The  volatile  oil  of  Bitter  Almonds  seems 
to  be  produced  in  a  similar  manner.  Perhaps  the  increased 
firagrance  of  our  gardens  after  a  shower  of  rain  is  due  to  a 
similar  cause. 

375.  Into  the  particular  uses  of  the  foregoing  oils,  this  would 
not  be  the  place  to  enter ;  some  of  them  will  be  noticed  in  the 
description  of  the  several  orders,  to  which  the  plants  that  yield 
them  belong.  There  are  other  volatile  oils,  of  much  more  im- 
portance in  the  arts  and  manu&ctures,  which  must  next  be 
noticed.  One  of  the  best-known  of  these  is  Oil  of  turpentine 
(commonly  termed  Spirit  of  turpentine),  which  exists  in  com- 
bination with  resin,  forming  what  is  usually  known  as  Tur- 
pentine, in  all  the  trees  of  the  Pine  and  Fir  tribe,  as  well 
as  in  some  others.  The  Turpentine  is  generally  contained  in 
special  receptacles  in  the  substance  of  the  wood ;  but  some- 
times it  collects  in  blisters  underneath  the  bark,  which  appear 
during  the  strong  heats  of  summer.  It  flows  from  these  as  a 
limpid  juice,  which  thickens  on  exposure  to  the  atmosphere, 
when  incisions  are  made  into  the  stem.  The  common  Turpentine 
18  obtained  from  the  Scotch  Fir,  when  growing  in  the  South  of 
Europe,  and  the  Southern  part  of  North  America ;  but  it  cannot 
be  procured  in  any  large  quantity  from  the  same  tree  when 
growing  in  Ghreat  Britain.  Superior  kinds  are  drawn  from  the 
Pistacia  of  Scio,  and  from  the  Larch  in  Southern  Europe.  Tur- 
pentine is  not  itself  applied  to  any  important  use ;  but  the  two 
substances  which  it  contains, — ^the  volatile  oil,  and  the  resin, — 
both  serve  many  purposes.  They  are  separated  by  distilling  the 
Turpentine  with  water ;  which  causes  the  volatile  oil  to  pass 
over,  leaving  the  resin  behind.  Oil  of  Turpentine  is  extremely 
useful  from  its  power  of  dissolving  resios,  which  form  the  basis 
of  most  varnishes ;  and  from  its  great  volatility,  it  quickly  flies 
off  or  dries  away,  leaving  a  thin  coat  of  the  varnishing  substance, 
fixed  to  the  surface  on  which  it  has  been  applied.  The  most 
extensive  use^  however,  to  which  it  is  put,  is  that  of  diluting  oil 
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colours,  80  that  they  will  flow  freely  from  the  painter's  brush. 
No  other  known  fluid  would  answer  this  purpose ;  for  it  is  the 
only  one,  which  will  mix  readily  with  the  paint  (diluting  its 
thick  oil,  as  water  would  dilute  a  syrup  or  gummy  fluid),  witiiout 
in  the  least  degree  aflecting  its  essential  properties, — and  which 
will  also  dry  rapidly. 

376.  The  very  important  substances  known  as  Tor  and  Pitek 
are  also  obtained  from  trees  of  the  same  kind ;  and  they  may  in 
fact  be  regarded  as  impure  turpentines,  altered  by  the  heat 
employed  to  separate  them.  A  sort  of  kiln  is  built  up  of  billets 
of  wood ;  and  round  the  bottom  of  this  is  a  channel  for  drawing 
off  the  fluid,  which  runs  down  whilst  the  wood  is  being  homed. 
Tar  may  be  made  from  trees  which  no  longer  yield  turpentine, 
and  also  from  those  which  haTe  partially  decayed  on  the  ground. 
Pitch  is  tar  deprived  of  its  more  volatile  part ;  this  may  be  sepa- 
rated, either  by  distilling  off  the  oil,  which  is  an  inferior  oil  of 
turpentine,  or  by  burning  it ;  in  the  last  process,  the  volatile  oil, 
being  the  most  readily  set  on  fire,  is  burned  away,  and  the  resi- 
nous part  remains.  In  this  manner,  two  barrels  of  tar  will  pro- 
duce one  of  pitch  ;  and  besides  the  oil,  an  acid  passes  off,  by  the 
distillation  of  tar,  which  much  resembles  that  obtained  during 
the  burning  of  wood  from  charcoal,  and  hereafter  to  be  men- 
tioned ucder  the  name  of  the  pyrolifftieous, 

377.  Several  other  Resins  are  yielded  by  plants ;  some  of 
which,  commonly  termed  Gums,  are  of  service  in  various  arts. 
Such  is  Copal,  which  is  obtained  from  a  species  of  Sumach ;  hot 
though  the  tree  will  readily  grow  in  North  America  and  in 
England,  it  requires  the  heat  of  a  tropical  climate  to  perfect  its 
juice ;  and  most  of  this  product  comes  from  Africa.  Copal  is 
much  valued  as  a  varnish,  on  account  of  its  hardness  and  trans- 
parency ;  which  qualities  cause  it  to  be  employed  for  pictures, 
fine  woodwork,  and  other  similar  purposes. — Mastic  is  another 
resin,  which  is  used  for  similar  purposes,  and  is  obtained  from  a 
tree  termed  the  Lentisk,  nearly  similar  to  that  which  yields  the 
Chian  turpentine.  Incisions  are  made  in  the  trunk  and  branches, 
during  the  hottest  parts  of  the  summer ;  and  the  liquid  juice 
which  flows  from  them,  thickens,  almost  inraiediately  that  it  is 
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exposed  to  tlie  air,  into  little  drops  or  tears. — Dn^n*8  Blood, 
80  named  from  its  red  colour,  is  a  resin  which  exudes  in  drops 
from  the  stem  of  several  trees  growing  in  the  tropical  parts  of 
Asia,  Africa,  and  America ;  it  is  valued  on  account  of  the  tbge 
which  it  imparts  to  spirit  of  wine,  and  is  employed,  when  tlius 
dissolved,  in  staining  marble  and  woods. — The  suhstance  caUed 
Benjamin  or  Gum  Benzoin,  is  also  a  resin  secreted  hy  a  tree 
that  grows  in  the  tropical  parts  of  Ana,  especially  in  Siam  and 
Sumatra.  Tliis  tree  grows  very  rapidly,  so  that  it  yields 
resinous  juice  when  only  six  years  old,  its  trunk  being  then 
about  7  or  8  inches  in  diameter.  This  resin  has  a  very  fragrant 
odour,  which  probably  depends  upon  its  having,  mixed  with  it, 
a  small  quantity  of  essential  oil.  It  is  principally  used  in  p^- 
famery,  and  in  the  manufacture  of  pastilles,  or  inoense,  which, 
when  burned,  diffuse  an  agreeable  odour.  Hence  the  principal 
consumption  of  it  is  in  the  churches  of  Roman  Catholic  and 
Mobamedan  countries ;  and  a  much  larger  proportion  of  Uiat 
brought  to  London  is  again  exported,  than  is  retained  in  this 
country. — ^There  are  many  other  kinds  of  resin,  of  which  small 
quantities  are  employed  for  particular  purposes ;  but  the  fore- 
going are  those  most  valuable  to  mankind. 

378.  Resinous  matter,  however,  exists  in  other  products, 
which  are  termed  Gum-Rennij  from  the  quantity  of  Gum  they 
contain ;  and  this  enables  them  to  be  partly  soluble  in  water, 
which  pure  resins  are  not  in  the  slightest  degree.  Some  of  these 
are  valued  on  account  of  their  fragrancy ;  and  have  been 
employed  in  the  incense  burned  in  places  of  religious  worship, 
from  very  ancient  times.  Thus  we  find  in  Uie  earliest  records, 
that  the  addition  of  fragrant  odours  was  regarded,  as  rendering 
the  sacrifices  offered  to  the  Deity  more  acceptable ;  and  the  same 
idea  seems  to  prevail  in  many  Christian  as  well  as  heathen  coun- 
tries, at  the  present  time.  Frankincense  is  one  of  these  sub- 
stanoes ;  it  is  produced  from  a  kind  of  Juniper  growing  in  Ara- 
bia. Olibanum  is  another  of  similar  character,  also  produced  by 
a  species  of  Juniper ;  and  Myrrh  is  neariy  allied  to  these,  but 
the  source  of  it  is  uncertain.  — Gamboge  is  a  gum-resin  of  very 
different  properties,  which  is  the  product  of  several  different 
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kinda  of  trees,  growing  in  Ceylon,  Siam,  mnd  Cochin  Chins.  It 
flows  oat  in  a  liquid  form,  when  incisions  are  made  in  the  bark, 
and  is  afterwards  made  solid  by  the  heat  of  the  son ;  but  it  also 
occasionally  exudes  firom  the  surfiuse  in  Uan.  When  rubbed 
with  water,  it  forms  a  bright  yellow  fluid,  which  is  much  em- 
ployed in  water-colour  drawing ;  the  water  dimohm  the  gum, 
whilst  the  resin  remains  mttpmded  in  the  form  of  very  minute 
particles,  which  may  be  seen  with  the  microscope.  The  whole 
is  dissolved  in  spirit  of  wine ;  and  this  solution  is  used  as  a  lac- 
quer, to  heighten  ilie  colour  of  brass- work,  by  its  golden  hue. 
Gkimboge  is  also  a  powerful  medicine,  having  a  violent  purgative 
effect ;  and  with  aloes  it  is  the  principal  active  ingredient,  in  the 
nostrum  known  under  the  name  of  Morison^s  Pills.* 

379.  The  true  Gunu  may  next  be  noticed ;  these  are  distin- 
guished from  the  previous  substances,  by  their  being  entirely 
soluble  in  water,  whilst  spirit  of  wine  does  not  act  upon  them. 
Their  solution  in  water  is  a  thick  adhesive  fluid,  which  is  used 
for  many  purposes  in  the  arts.  It  serves  to  unite  substances 
together,  in  the  same  manner  as  glue ;  and  may  be  used  in  cases 
where  heat  is  undesirable.  Its  chief  emplo3rment,  however,  is  in 
calico-printing,  being  used  to  stiffen  the  cloth  before  the  colours 
are  applied,  so  that  they  are  prevented  from  running  into  each 
other  and  becoming  indistinct.  As  all  trees  contain  gum  in  their 
sap  (§.  328),  it  might  be  obtained  in  some  degree  from  any  ;  but 
it  naturally  exudes  in  large  amount  frt>m  some  kinds,  which, 
therefore,  yield  it  most  readily  when  incisions  are  made  in  the 
bark.  The  kind  of  gum  termed  Gum  Arabic,  which  is  the  one 
roost  valued,  is  obtained  from  a  species  of  Acacia,  which  flourishes 
in  almost  every  part  of  Arabia  and  Middle  Africa ;  but  it  is  only 
in  the  hottest  regions,  that  the  gum  is  prodnced  in  much  abund- 
ance. When  the  tree  first  opens  its  flowers,  the  gum  b^ns  to 
exude  spontaneously  frx)m  the  bark  of  the  trunk  and  branches ; 
in  the  same  manner  as  it  is  often  seen  to  do  from  the  cherry-tree 

*  It  it  probably  to  tlie  bad  mixture  of  the  ingredientt,  hy  which  an  undue  pro- 
portion of  this  active  sabatance  has  been  contained  in  a  particular  batch  of  pilla, 
that  some  of  the  deaths  which  have  occurred  from  their  use,  are  to  be  attributed  ; 
and  in  other  instances  they  have  resulted  from  the  enormous  number  of  pills  taken. 
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in  this  country.  In  the  spring,  howeyer,  when  the  weather  is 
▼erj  dry,  the  gum  can  only  he  obtained  by  incisions  made  in 
the  bark. 

380.  Gum  Senegal  is  similar  to  Gum  Arabic,  being  obtained 
from  a  kind  of  Acacia  differing  very  little  from  that  which  3rields 
the  latter;  but  it  is  of  inferior  quality.  Gum  Tragacanth, 
which  is  obtained  frt>m  a  low  prickly  shrub  growing  in  the 
Levant,  is  in  some  respects  different  from  the  foregoing.  It  does 
not  dissolve  freely  in  water ;  but  forms  a  thick  mucilage  with  a 
certain  definite  proportion  of  it.  If  this  be  mixed  with  a  larger 
quantity  of  water,  it  will  separate  again  after  a  time  and  fedl  to 
the  bottom,  leaving  very  little  gum  in  the  water  above.  This 
gum  is  employed  in  some  kinds  of  calico-printing,  in  which  the 
chemical  action  of  the  dyes  on  the  other  gums  would  mjure  their 
qualities.  The  plant  which  yields  this  gum  would  flourish  in 
England ;  but  it  can  here  only  prepare  no  more  of  it  than  is 
required  for  its  own  support ;  and  only  possesses  a  superfluity 
under  the  influence  of  a  warmer  climate.  A  large  quantity  of 
a  gum  resembling  that  of  the  Acacia,  may  be  obtained  from  the 
various  species  of  Lichen  growing  in  this  country,  by  the  action 
of  hot  water. — ^The  similarity  of  ttareh  to  gum  lias  been  akeady 
noticed,  and  some  of  the  sources  from  which  it  may  be  obtained 
have  been  pointed  out ;  and  it  is  here,  therefore,  only  desirable 
to  add,  that  the  gum  obtained  from  starch  is  much  used  in  the 
arts,  especially  for  the  purpose  of  stiffening  different  fabrics,  on 
which  account  it  is  employed  largely  by  calico-printers,  under  the 
name  of  Britbh  Gum. 

381.  The  next  Vegetable  secretion  to  be  noticed  is  Wax; 
which,  though  commonly  supposed  to  be  formed  by  the  Bee 
alone,  is  undoubtedly  present  in  many  plants  also.  It  may  be 
seen  in  the  form  of  minute  scales,  upon  the  outer  surface  of  the 
Plum  and  other  stone  fruits,  forming  what  is  known  as  the  bloom  ; 
and  it.  is  by  the  existence  of  a  thin  coating  of  it,  that  the  leaves 
of  the  Cabbage,  Tropsoolum  (Sturtion),  and  other  plants,  are 
enabled  to  resist  moisture.  Wax  may  be  obtained  by  heat, 
though  in  small  quantity,  from  the  poplar,  alder,  and  several 
other  plants ;  but  it  exists  in  such  abundance  in  the  fruit  of  a 
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Yirgimaa  myrtle,  that  this  has  received  the  name  of  Oandle- 
heny.  In  the  parts  of  the  eountrj  where  this  tree  ahonnds,  it  is 
quite  worth-while  to  collect  the  berries,  for  the  wax  thej  yield ; 
which,  when  made  into  candles,  bnms  with  peculiar  brightness 
and  freedom  from  smoke,  at  the  same  time  giving  off  a  fragrant 
odour.  Another  wax-bearing  tree  exists  in  South  Africa ;  and 
the  substance  yielded  by  its  berries,  which  is  made  into  candles 
by  the  Dutch,  is  greedily  eaten  by  the  Hottentots.  In  South 
America  there  is  a  kind  of  palm,  the  leaves  of  which  have  their 
turiSftce  covered  with  minute  scales  of  wax,  which  separate  when 
they  are  dried  in  the  shade ;  and  of  this  wax,  mixed  with  a  small 
proportion  of  tallow  to  avoid  Imttleness,  excellent  candles  may 
be  made.  The  leaves  are  so  little  permeable  to  moisture,  tiiat 
they  may  be  used  as  coverings  for  houses ;  and  they  have  been 
known  to  sustain  the  vicissitudes  of  weather  for  twenty  yeus 
in  such  situations,  without  requiring  to  be  renewed.  The  pith 
and  the  fruit  of  this  palm  ako  furnish  a  nutritious  food  for  man 
and  cattle ;  and  the  wood  is  useful  in  building  houses,  making 
fmces,  &o. ;  so  that  it  is  a  veiy  important  tree,  in  the  district  in 
which  it  abounds.  Another  species  of  Wax  Palm  is  found  in  the 
more  elevated  parte  of  South  America ;  growing  on  the  moun- 
tain ranges  to  the  prodigious  height  of  a  hundred  and  sixty  feet. 
The  wax  here  exists  in  the  form  <^  a  kind  of  vamiah,  covmng 
the  trunk. 

3S2.  A  substance  nearly  resembling  Tallow  is  yielded  by  a 
tree  named  the  Crot&n  tebi/erum^  which  grows  almndantly  in 
China,  and  is  described  as  being  the  largest,  the  most  useful,  and 
the  most  widely  diffused,  of  any  of  the  plants  of  that  country. 
It  imitates  the  oak,  in  the  height  of  the  stem,  and  the  spread  of 
its  branches.  The  seed-vessels  are  hard  brownish  husks,  not 
unlike  those  of  chestnuts ;  and  each  of  them  contains  three  round 
white  kernels,  about  the  size  and  shape  of  hazel-nuts,  having 
small  stones  in  their  interior,  around  which  the  fatty  matter 
lies.  From  the  kernel  of  ^  stone,  an  oil  fit  for  burning  in  the 
lamps  may  be  pressed.  Almost  all  the  candles  burnt  in  the 
southern  provinces  of  China,  are  made  from  this  vegetable 
tallow,  there  being  very  few  sheep  in  that  part  of  the  country ; 
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but  it  does  not  burn  so  well  as  animal  fat.  A  tree  abounds  on 
the  Malabar  coast  of  India,  termed  the  Piney,  which  bears  a 
pulpy  fruit,  that  jdelds  a  large  quantity  of  very  solid  tallow, 
almost  approaching  wax  in  firmness,  and  very  superior,  for  the 
manufacture  of  candles,  to  animal  &t.  It  is  not  applied  to  that 
use  by  the  natives,  howeyer,  who  (on  account  of  the  heat  of  the 
climate,  which  prevents  the  employment  of  common  tallow  can* 
dies,)  are  accustomed  to  bum  lamps  only,  which  are  fed  with 
vegetable  oiL  This  vegetable  tallow  might  probably  be  imported 
in  great  abundance,  and  at  a  low  rate,  into  this  country. 

383.  The  last  inflammable  substance  secreted  by  Plants, 
which  will  here  be  noticed,  is  Cmnphor;  which  is  much  used  in 
the  composition  of  varnishes,  besides  its  employment  in  medicine. 
Although  chiefly  obtained  from  a  species  of  Laurel  growing  in 
the  East  Indies  (where  it  attains  the  siae  of  an  oak),  it  ensts  in 
numerous  plants,  especially  those  yielding  aromatic  oils.  Camphor 
differs  in  some  degree  in  its  properties,  according  to  the  way  in 
which  it  is  obtained.  In  general,  pieces  of  the  roots  are  put  into 
an  iron  vessel,  within  the  cover  of  which  (fitted  closely  down) 
are  cords  of  rice^traw.  When  the  lower  part  is  heated,  the 
camphor  is  raised  into  vapour,  and  condenses  again  on  the  straw 
above.  In  old  trees,  however,  the  camphor  is  sometimes  found, 
on  splitting  the  trunk,  to  exist  in  a  very  pure  state,  in  the  form 
of  small  concretions  or  tears,  in  the  interior.  This  camphor 
undergoes  little  loss  by  exposure  to  the  air ;  whilst  that  obtained 
by  heat  very  rapidly  evaporatest  Besides  the  uses  of  this  sub- 
stance ahready  noticed,  it  should  be  mentioned  that  camphor  is 
valuable  as  a  preservative  of  specimens  of  Natural  History 
against  the  depredations  of  insects ;  and  the  most  effectual  way 
of  applying  it,  is  to  have  the  cases  made  of  the  wood  of  the 
Camphor  tree,  which  is  of  a  white  colouTf  easy  to  work,  and 
durable* 

384.  Opium  is  the  next  vegetable  secretion  which  we  shall 
here  notice ;  and  this  rather  on  account  of  its  importance  in 
medicine,  than  because  of  the  large  quantity  produced ;  since  it 
is  mostly  employed  in  a  manner  injurious,  rather  than  beneficial, 
to  mankind.     Opium  is  contained,  in  small  amount,  in  the 
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milky  juices  of  many  plants;  but  eipeoially  in  those  of  the 
Papav§racemy  or  Poppy  tribe.     The  species  which   yields  it 
most  abundantly,  is  the  White  Poppy  {Papa/wr  iomniferwm); 
but  this  does  not  produce  it  in  any  lai^  amount  in  temperate 
climates,  and  is  cultivated  in  Europe  chiefly  for  the  oil  yielded 
by  its  seeds  (§.  371).  The  juice  is  obtained  by  making  incisions  in 
the  capsules  or  seed-vessels  (commonly  termed  head»\  whilst  they 
are  quite  green ;  and  that  which  hardens  upon  them  is  scraped 
off.     Many  kinds  of  opium  are  known  to  the  importers  of 
drugs ;  but  their  difference  only  results  from  the  varieties  of 
climate  in  which  they  are  grown,  and  from  the  mode  in  which 
the  juice  is  obtained  and  prepared.     Some  kinds  are  very  much 
adulterated.     More  opium  is  now  raised  in  Hindostan,  than  in 
any  other  country;  and  the  principal  demand  for  it  has  been  in 
Chma.     Opium  is  a  substance  of  very  compound  nature.     A 
large  proportion  of  it  consists  of  a  gum  soluble  in  water ;  there 
is  also,  however,  a  small  quantity  of  resin  and  of  caoutchouc 
The  ingredients  which  act  so  powerfully  on  the  animal  body, 
however,  constitute  but  a  very  small  proportion  of  the  whole. 
The  most  important  of  these,  are  two  substances  of  an  alkaline 
character  (being  capable  of  uniting  with  acids  to  form  a  salt), 
which  are  named  Morphia  and  Narcotine.     The  properties  of 
the  first  of  these  are  directly  sedative ;  that  is,  it  causes  sleep  <»r 
the  relief  of  pain,  without  any  previous  excitement.     The  first 
effect  of  Narcotine,  on  the  other  hand,  is  to  stimulate.     These 
alkalies  exist  in  the  opium,  in  combination  with  a  peculiar  vege- 
table acid,  termed  the  meconie;  and  they  are  separated  by 
chemical  processes,  since,  in  order  that  the  medicinal  effects  of 
either  may  be  most  advantageously  produced,  it  is  desirable  to 
administer  them  separately. 

385.  The  chief  consumption  of  Opium,  however,  is  unfortu- 
nately not  for  the  purpose  of  curing  disease,  or  of  relieving  pain, 
but  for  the  production  of  a  species  of  intoxication ;  the  constant 
indulgence  in  which  has  a  great  tendency  to  degrade  the  mind, 
and  to  enfeeble  the  body.  The  quantity  necessary  to  produce 
the  desired  effect  increases  with  habit ;  so  that  the  confirmed 
opium-eater  often  takes  as  his  single  dose,  repeated  many  times 
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through  the  day,  a  quantity  sufficient  to  poison  any  one  unac- 
customed to  its  use.  The  practice  of  taking  opium  often  com- 
mences with  the  occasional  use  of  it,  for  the  purpose  of  allaying 
pain  or  procuring  sleep ;  and  those  who  are  obliged  to  have 
occasional  recourse  to  it  for  this  purpose,  should  be  on  their 
guard  against  taking  it  more  frequently  than  is  absolutely  neces- 
sary. For  such  persons,  Morphia  is  the  most  desirable  medicine; 
since  it  produces  more  completely  the  effects  they  desire,  with- 
out that  excitement  to  the  nerrons  system,  which  leads  to  the 
employment  of  it  as  a  source  of  pleasure.  The  quantity  of  this 
drug  annoally  consumed  in  England,  may  be  stated  at  about 
35,000  lbs. ;  lyhilst  that  which  has  been  introduced  into  China, 
in  spite  of  the  laws  which  prohibit  it,  has  for  some  years 
averaged  more  than  3^  nUUiont  of  pounds,  the  value  of  which 
considerably  exceeded  that  of  the  tea  exported.  The  quantity 
seized  by  the  Chinese  government,  in  March  1839,  was  upwards 
of  three  million  pounds. 

386.  We  shall  next  notice  some  of  the  principal  Colouring 
matters  secreted  by  plants.  On  these  are  dependent  the  varied 
hues  so  beautifiilly  and  abundantly  distributed  through  the 
vegetable  kingdom ;  of  which  some  at  once  delight  the  eye  of 
man,  whilst  gazing  upon  ihe  garden,  the  meadow,  or  the  forest  ;* 
whilst  others,  extracted  from  the  interior,  even  of  plants  of  the 
dullest  aspect,  contribute  to  his  comfort  and  luxury  in  various 
ways.  The  colouring  secretion  most  universally  diffused  through 
plants,  is  that  termed  chromulSf  on  which  the  colour  of  all  green 
parts  depends.  It  is  found  in  little  grains,  which  adhere  to  the 
inside  of  the  cells  beneath  the  cuticle ;  and  the  formation  of  it  is 
due,  as  formerly  stated  (§.  288),  to  the  influence  of  light,  in  fixing 
carbon  from  the  atmosphere.  The  brightness  of  this  green  colour 
soon  disappears  after  the  death  of  the  part ;  and  it  id  not  unfre- 
quently  seen  to  alter  its  hue,  whilst  vital  actions  are  going  on  in 
it.  Thus  the  leaves  of  many  trees,  as  the  Lombardy  Poplar, 
change  to  yellow  in  autumn,  long  before  their  fall ;  whilst  others, 
as  the  Berberry,  Sumach,  &c.,  turn  to  red.  This  alteration  is 
due  to  ^n  increased  absorption  of  oxygen,  which  is  no  longer 
given  out  by  day;  and  the  cbromule  may  be  artificially  converted, 
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by  the  aetion  of  acids,  first  into  a  yeUow  aad  then  into  a  red. 
The  red  coloor  of  many  flowers  poesesses  the  same  properties  as 
that  of  leaves  when  thus  altered ;  and  this  &ct  will  possess  a 
higher  degree  of  interest,  when  it  is  shown,  as  it  hereafter  will 
be  (Chap,  xu.),  that  the  leafy  parts  of  flowers  hare  the  same 
general  stmctnre  as  leaves,  and  often  differ  very  little  firom  them. 
It  is  farther  probable  that  all  the  oolonrs  of  flowers  are  cansed  by 
the  presence  of  chromnle,  altered  by  various  chemical  means;  ia 
all  instances  it  may  be  seen,  that  these  colours  exist  in  the  same 
parts, — namely,  minute  globules  contained  vrithin  the  odls.  It 
has  been  observed  that  the  colours  of  many  flovrerB  may  be 
greatly  changed  by  cultivation ;  in  some  species,  as  the  Dahlia 
and  Poppy,  great  varieties  occur  without  any  obvious  cause, — 
the  seeds  of  the  same  parent,  raised  in  the  same  soil,  producing 
flowers  of  extremely  different  hues ;  whilst  in  other  cases,  the 
hue  is  manifestly  influenced  to  a  great  degree  by  the  nature  of 
the  soil. 

387.  The  colouring  matter  of  rapidly- growing  parts  has 
seldom  sufficient  permanence,  when  removed  from  the  plant,  to 
render  it  valuable  for  the  purpose  of  staining  doth,  &c. ;  and 
the  substances  used  for  this  purpose,  in  the  arts  of  the  dyer, 
calico-printer,  &c.,  are  chiefly  obtained  from  die  heart-wood, 
roots^  or  bark ;  sometimes,  however,  from  the  softer  parts,  as  the 
leaves  and  fruit.  The  principal  dyes,  by  the  combination  of 
which  all  varieties  of  shade  may  be  produced,  are  blue,  violet, 
red,  yellow,  fawn,  and  black ;  and  substances,  yielding  all  these, 
are  produced  in  abundance  by  different  tribes  of  plants. 

388.  Of  all  the  Mm  dyes,  Indi^  is  the  most  important.  This 
is  obtained  from  the  juices  of  several  diflR^rent  species  of  plants,  of 
which  some  grow  in  almost  all  parts  of  the  tonrid  Eone.  These 
plants  are  raised  from  seed^  and  are  of  veiy  rapid  growth,— being 
ready  for  cutting '  at  the  end  of  two  months.  A  subsequent 
growth  from  the  same  roots,  is  again  ready  for  ilie  sickle,  in  six 
or  eight  weeks ;  and  more  may  be  subsequently  obtained.  In 
India,  it  ianot  considered  advantageous  to  obtain  more  than  four 
crops  from  the  same  seed,  as  the  produce  of  each  is  less  than 
Uiat  of  the  preceding ;  but  in  Egypt,  the  seed  is  sown  only  (moe 
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in  sereii  years,  and  two  crops  are  obtained  in  each  year.  The 
indigo,  which  seems  to  be  nothing  else  than  the  chromule  of  the 
phint,  is  usually  extracted  by  fermentation.  The  plants  are  laid 
in  a  vat,  and  covered  with  water ;  and  in  about  18  hours  they 
begin  to  swell,  and  to  give  off  a  large  quantity  of  gas, — tlie 
water  at  the  same  time  acquiring  a  green  tinge.  This  process 
is  idlowed  to  go  on,  until  the  colouring-matter  of  the  vegetable 
tissue  has  been  entirely  yielded  to  the  water ;  but  if  it  continue 
too  long,  so  that  any  putrefaction  take  place,  tiie  dye  is  destroyed 
The  fluid  is  then  drawn  off  into  another  vat,  where  it  is  violently 
agitated,  for  the  purpose  of  separating  the  pulp  from  the  water. 
The  former  consists  of  little  grains,  whicht  during  the  process, 
tiini  from  green  to  blue  by  attracting  oxygen  from  the  air ;  and, 
by  further  processes,  it  is  dried  into  a  solid  mass,  constituting 
the  indigo  of  commerce.  Nearly  all  the  indigo  imported  into 
Britain,  is  produced  in  the  East  Indies ;  its  amount  averages 
about  ut^m  millians  of  pounds  every  year,  of  which,  however, 
more  than  half  is  exported  again,  chiefly  to  the  Nortli  of  Europe 
and  Italy.  Owing  to  the  great  variation  in  the  productiveness 
of  the  crops,  Uie  price  of  Indigo  is  almost  constantly  changing. 
In  the  season  1824-5,  it  was  nearly  Hi,  6d,  a  pound;  whilst  in 
the  season  1829-30,  owing  to  an  ovtr-abundant  supply,  it  was 
only  4m.  4d.  At  the  ibrmer  rate,  the  value  of  the  average  quan- 
tity annually  imported  would  be  about  /bur  millians  iterlin^; 
and  at  the  latter,  searoely  id)ove  <me  and  a  half. 

389.  This  valuable  dye  has  so  strong  an  attraetion  for  almost 
every  kind  of  fll)rQ«B  texture,  whether  animal  (as  woollen  or 
silk)  or  vegetable  (as  iiiiei|  or  cotton),  that  it  will  impart  to  it  a 
permanent  eoloor,  without  the  assistance  of  a  mordant*.  In 
order  to  apply  it,  howef«r,  it  nmst  be  ditmdved  in  water ;  and 
this  can  only  be  aocomplished  by  a  change  in  its  chemical 
nature,  which  restores  it  to  its  original  yellow-greai  c<^ur ;  the 
stufls,  after  being  d^ed,  change  again  to  blue,  by  exposure  to  the 

^  Mordants  are  lubstances  used  in  dyeing  and  oalico-printing,  to  bold  together 
the  particles  of  the  texture  dyed,  and  those  of  the  dyeing  materialf  when  these  liave 
not  a  sufficient  attraetion  for  each  ather.  If  nat  so  wnlted,  many  ool*tirs  would 
be  iraihedaa;asraa4Uy«ith«Qrari  bud  on. 
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air.  This  process  appears  to  iojure  in  some  d^free  the  durability 
of  the  colour ;  and  it  is  preferable  to  apply  the  djre,  when  first 
separated  from  the  plant.  The  brilliant  blue  cloths  of  Africa 
and  China,  which  are  superior  in  hue  to  those  of  any  other  part 
of  the  globe,  are  produced  in  this  manner. 

390.  The  juices  of  seyeral  plants,  growing  in  the  diffnent 
countries  of  the  East,  are  used  by  the  natives  of  those  conntries, 
in  the  same  manner  as  Indigo ;  and  might  probably  furnish  a 
good  substitute  for  it,  if  prepared  with  sufficient  care.  The  use 
of  Indigo  as  a  dye,  on  a  large  scale,  is  comparatively  recent.  It 
was  not  until  long  after  the  discovery  of  America,  that  it  was 
commonly  employed  in  England ;  and  the  use  of  it  was  forbidden 
by  the  governments  of  some  European  countries,  from  the  fear 
that  it  would  supersede  the  use  of  Woody  which  was  then  very 
extensively  cultivated.  This  dye  was  known  to  the  Ancient 
Britons,  who  stained  their  bodies  with  it ;  and  it  was  the  prin- 
cipal blue  dye;  until  the  introduction  of  Indigo.  Its  colour  is 
much  less  lively  than  that  of  Indigo,  but  it  is  more  durable ; 
hence  it  is  commonly  employed  in  union  with  that  and  other 
dyes,  but  seldom  now  by  itself.  Woad  (I$ai%t  mH^o)  is  culti- 
vated in  many  parts  of  Europe ;  and  is  grown  in  considerable 
amount  in  Lancashire.  Its  stem  is  about  three  or  four  feet  high, 
and  about  half  an  inch  in  diameter ;  it  divides  into  many 
branches,  which  are  loaded  with  leaves.  It  is  cut  down  with  a 
scythe,  when  the  flowers  are  about  to  appear ;  and  afterwards 
at  intervals  of  about  six  weeks; — three  or  four  crops  being 
usually  obtained  in  one  year.  The  plants  are  first  washed,  and 
then  dried  in  the  sun,  without  which  .they  will  begin  to  putiify, 
their  green  colour  turning  black.  They  are  then  conveyed  to  a 
mill,  where  they  are  ground  into  a  paste.  This  paste  is  after- 
wards subjected  to  several  processes,  for  the  pmrpose  of  drying 
it.  It  is  finally  used  nearly  in  the  same  manner  as  indigo ; 
with  which,  indeed,  its  colouring  matter,  if  extracted  in  the  same 
manner,  is  found  to  be  nearly  identical. 

391.  A  Violet  hue  is  easily  given  to  clotii,  by  mixing  blue 
and  red  dyes  in  any  required  proportion ;  but  there  are  some 
plants,  which  yield  a  violet  or  purple  dye,  without  any  i 


Digitized  by  VjOOQ IC 


LOGWOOD.— MADDBR.  249 

tore.  The  chief  of  these  is  Logwood^  the  produce  of  a  tree  grow- 
ing in  the  bays  of  Canipeachy  and  Honduras, — the  native  country 
of  the  Mahogany.  When  Logwood  was  first  introduced  into 
this  country  as  a  dye,  the  use  of  it  was  forbidden  by  GoTemment, 
on  account  of  its  ^^  deceitful"  character ;  the  colour  it  communi- 
cated being  fair  to  the  eye,  but  speedily  departing.  The  art  of 
fixing  it  by  mordants,  however,  being  afterwards  discovered, 
this  substance  came  into  general  use ;  and  it  is  now  imported 
largely  from  Jamaica,  as  well  as  firom  its  original  country.  The 
part  which  pelds  this  dye  is  the  heart- wood ;  this  is  hard  and 
heavy,  in  consequence  of  the  amount  of  secreted  matter  con- 
tained in  it ;  and  it  yields  its  colour  readily  to  water,  when  this 
is  boiled  upon  its  chips.  The  deep  violet  or  purple  hue  of  the 
fluid,  first  changes  to  a  yellowish  tint,  and  finally  becomes  black ; 
but  this  change  may  be  prevented  by  the  use  of  proper  mordants. 
The  chief  use  of  this  substance,  however,  is  in  dyeing  black,  and 
in  producing  all  shades  of  grey.  The  quantity  imported  into 
Britain  in  1839  was  23,000  tons,  the  value  of  which  was  above 
180,000/. 

392.  The  principal  Red  dye  obtained  from  the  vegetable 
kingdom,  is  Madder^  the  produce  of  the  Rubia  tinetoria^  a  plant 
which  grows  naturally  in  the  Levant,  and  which  is  cultivated 
vnth  success  in  the  South  of  Europe ;  its  cultivation  does  not 
answer  in  England.  The  colouring-matter  is  obtained  from  the 
roots,  and  is  not  sufficiently  formed  until  the  third  year ;  the 
roots  are  taken  up  in  the  autumn,  after  the  leaves  have  fallen  off. 
They  are  then  carefully  cleaned,  dried,  and  reduced  to  powder. 
A  great  variety  of  colours,  var3ring  from  lilac  to  black,  and  from 
pink  to  deep  red,  may  be  produced  by  the  application  of  different 
mordants  to  the  stuff,  before  it  is  placed  in  the  madder.  These 
are  partly  due  to  the  intermixture  in  this  substance  of  two 
distinct  colouring  principles,  a  fawn  and  a  red.  The  latter,  if 
separated  from  the  other,  is  much  more  brilliant ;  and  various 
processes  have  been  devised  for  the  purpose.  The  best  of  these 
requires  that  undried  roots  should  be  employed ;  and  they  are 
largely  imported  into  this  country  with  this  object.  The  quan- 
tity of  madder  employed  in  Britain  in  1838,  was  upwards  of  five 
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thomand  ions ;  and  of  the  roots,  more  Uuto  four  thousand.  The 
value  of  these  would  he  together  ahout  600,000/. 

393.  Another  Taloable  Red  dye,  is  ohtained  from  the  wood 
of  the  CcBMiipmia  cruta^*  oommonlj  known  as  Brazil  wood. 
Though  abundant  in  that  part  of  South  America,  the  tree  is  a 
natiTe  of  other  parts  of  the  world ;  and  it  was  known  under  its 
present  oommon  name,  before  the  discovery  of  that  country. 
And,  in  fact,  the  portion  of  that  continent  which  bears  the  name 
of  Brazil,  was  so  named  in  consequence  of  the  numbers  <^  these 
trees,  which  were  found  growing  there.  As  in  the  case  of  Log- 
wood, it  is  only  the  (htramen  (§.  131 )  of  this  tree,  which  is  of 
any  service ;  the  remainder  being  oolouriess.  The  oobur  ob- 
tained from  this  wood  is  brilliant ;  but  it  is  not  so  permanent  as 
that  of  many  other  substances.  It  is  generally  used  to  heighten 
the  efiect  of  other  dyes.  Red  ink  is  commoidy  made,  by  boiling 
this  wood  in  beer,  wine,  or  vinegar,  to  which  alum  has  been 
added.  Of  late  years  the  consumption  of  this  wood  in  Britain 
has  much  diminished ;  whilst  that  of  another  kind,  termed 
Peach-wood,  or  Nicaragua- wood  (so  named  from  the  Gulf  of 
Nicaragua,  whence  it  was  first  imported  into  England),  has 
greatiy  increased,  so  as  to  be  now  nearly  double  the  first.  The 
colour  obtained  from  it  is  brighter,  and  more  delicate,  than  that 
yielded  by  Brazil-wood. 

894.  Another  red  dyty  now  largely  employed  in  England,  is 
obtained  from  a  Lichen,  oommcmly  termed  Orchilloy  which 
abounds  in  the  Canary  and  Cape  de  Yerd  Islands,  and  which  is 
sometimes  found  (though  of  inferior  quality)  on  the  rocks  of 
CKiensey  and  the  Isle  of  Portland.  The  plant  is  usually  im- 
ported without  any  preparation;  it  is  afterwards  dried  and 
reduced  to  powder,  and  tiien  submitted  to  some  chemical  pro- 
cesses, which  produce  from  it  the  beautiful  liquid  dye,  known  as 
Archil,  It  is  sehlom  used  by  itself,  as  its  oolour  is  not  perma- 
nent; but  it  is  chiefly  employed  to  give  a  brightness  to  the 

*  An  allM  tpedet  of  tkii  tree,  the  C.  plumoBO,  alto  %  Mtive  of  Bmxil,  is  m- 
inarkable  for  i  conitant  flow  of  water  from  the  pomta  of  ill  leaves,  wkicli  fidla 
down  1u  drops,  like  a  shower  of  rain.  ' 
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ham  of  stufl^  dyed  with  other  sabetaDceB.  Another  species  of 
lacben  yields  the  dye  termed  Cudbear.  Seyertl  other  red  dyes 
might  be  enumerated,  which  are  used  in  small  quantities  for 
partteular  purposes.  Among  the  most  important  of  these  is 
Aiinnety  which  is  obtained  firom  the  roots  of  the  Anchtua  ttHeloriOy 
a  native  of  the  Levant  and  the  wanner  parts  of  Europe,  but 
grown  also  in  England.  This  colouring  principle  is  not  soluble 
in  water;  but  it  gives  a  deep  red  coloiur  to  oils,  wax,  and 
unctuous  substances.  It  is  consequently  used  chiefly  to  colour 
oils,  ointments,  lip-salves,  &c ;  and  it  is  sometimes  applied  to 
the  staining  of  wood,  when  dissolved  in  oil.  Notwithstanding 
the  apparent  insignificance  of  these  purposes,  above  50,000 lbs.  of 
it  are  annually  imported  into  this  country  for  home  use,  besides 
what  is  raised  in  Britain. 

395.  Many  good  YeUow  dyes  may  be  obtained  from  plants ; 
and  the  most  important  of  all  tliose  used  in  Britain,  is  procured 
from  a  plant  of  native  growth, — Wddy  or  Wold^  or  (as  it  is 
sometimes  called)  Dyer  s-weed.  This  grows  spontaneously  in 
many  parts  of  the  country,  on  unooltivated  irastes ;  and  it  is  a 
very  hardy  plant,  preserving  its  verdure  through  frost  and 
drought.  It  is  nearly  allied  to  the  Mignionette ;  but  is  a  mudi 
taller  plant,  attaining  the  height  of  three  feet  before  blooming. 
It  takes  two  years  to  come  to  maturity,  and  is  gatiiered  whilst 
the  seed  is  ripening.  The  plants  are  dried,  and  then  transferred 
to  the  dyer,  who  at  once  extracts  the  colour  by  boiling ;  there 
is  reason  to  believe,  however,  that  the  seeds  oontam  the  really 
important  part;  and  that,  if  they  be  saved,  the  trouble  which 
arises  from  the  bulk  of  the  whole  plant,  may  be  avoided.  The 
colour  is  also  separated,  in  the  form  of  a  yellow  powder,  fat  the 
use  of  the  paper-stainers,  who  employ  much  of  it.  A  much 
larger  quantity  of  weld  is  used  in  England,  than  fs  supplied  by 
ciihivation ;  and  it  is  consequently  imported  from  abroad.  This 
is  much  to  be  regretted ;  as  there  is  good  reason  to  believe,  that 
it  will  thrive  and  yield  a  handsome  profit,  on  lands  so  poor  as 
not  to  be  profitably  cultivated  in  any  other  way. 

396.  Another  very  excellent  yellow  dye  is  obtained  from 
the  bark  of  the  Querem  Hncloria^  or  Quercitron,  a  species  of 
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Oftk  oonnnon  in  America,  the  timber  of  which  is  onployed 
largely  in  bnilding.  This  bark  is  employed  in  the  United 
States  for  tanning ;  and  its  colour  being  considered  a  defect,  this 
is  remoTed  by  a  chemical  process.  More  than  a  thousand  tons  of 
it,  howeyer,  are  annually  imported  into  Britain  :  and  it  is  here 
much  valued,  on  account  of  the  number  of  different  shades  of 
colour,  which  it  may  be  made  to  produce,  as  well  as  on  account 
of  its  superior  durability.  A  mudi  greater  demand  exists,  how- 
ever, for  the  dye  termed  Ftutic ;  which  is  extracted  from  the 
wood  of  a  species  of  Mulberry  tree,  that  grows  spontaneously 
in  Braiil  and  the  West  Indies.  It  does  not  yield  above  one- 
fourth  the  amount  of  colouring  matter  obtained  from  Quercitron, 
and  its  colour  is  not  so  lively ;  but  it  is  more  efficient  in  combi- 
nation with  some  other  dyes,  and  is  used  with  indigo  to  dye 
Saxon  green,  and  with  salts  of  iron  for  drab. 

397.  AmaUo  is  another  dye  of  a  reddish  yellow,  employed 
for  particular  purposes ;  it  is  obtained  from  the  crimson  pulp 
lying  between  the  husk  and  the  seeds  of  the  Amatto  tree,  which 
is  a  native  of  both  the  East  and  West  Indies.  It  is  brought  to 
this  country  in  cakes,  which  are  made  by  boiling  down  the  pulp ; 
and  these  are  of  a  brownish  red,  giving  a  bright  orange,  when 
dissolved  in  water  with  the  addition  of  an  alkali.  Its  hue 
is  not  permanent,  however ;  and  it  is  seldom  employed  by  itself, 
except  for  giving  colour  to  cheese ;  for  which  it  is  valued,  on 
account  of  the  r^y  communication  of  its  colour,  without  im- 
parting any  unpleasant  flavour  or  unwholesome  quality.  One  of 
the  most  beautiful  yellow  colouring  substances,  is  that  known  as 
Saffron  ;  but  it  is  too  expensive  to  be  much  employed  by  dyers. 
Its  chief  use  is  in  medicinal  and  culinary  preparations,  to  which 
it  imparts  its  brilliant  hue  and  agreeable  flavour.  Safiron  is  the 
produce  of  a  Knd  of  Crocus,  which  is  cultivated  in  England,  as 
well  as  in  France  and  Spain.  This  plant  flowers  in  October ;  and 
the  flowers  are  gathered,  even  before  they  are  full-blown.  The 
itigvMta^  or  points  of  the  pistils  (§.  434),  of  these  flowers,  are 
then  picked  ofl^;  and  the  rest  of  the  flower  is  thrown  by  as  use- 
less. These  little  bodies,  constituting  the  Saffron,  are  next  very 
carefully  dried,  and  pressed  between  paper.     Its  high  price  re- 
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salts  from  the  Tery  small  amoont  of  it  piodaoed,  even  on  good 
land  ;  oTen  when  the  roots  are  planted  thickly^  the  aTerage  quan- 
tity for  the  whole  three  years  (beyond  which  they  should  not  be 
allowed  to  remain  in  the  ground,)  is  not  above  26  lbs.  per  acre. 
Tttrmerie  is  sometimes  used  as  a  substitute  for  Saffron,  the  colour 
it  produces  being  very  bright,  though  deficient  in  durability. 
This  dye  is  procured  from  the  roots  of  an  East  Indian  plant 
named  Curcuma  longOj  which  has  also  been  cultivated  in  the 
West  Indian  Islands  with  success.  These  roots  are  not  unlike 
ginger,  either  in  figure  or  size ;  and  the  dye  brought  to  this  country 
consists  simply  of  the  roots,  either  whole  or  reduced  to  powder. 
It  is  sometimes  used  to  give  brilliancy  to  other  hues ;  and  is 
employed  as  an  ingredient  in  yellow  varnishes. — Several  other 
plants  affording  yellow  dyes  might  be  enumerated ;  but  the  fore- 
going are  the  chief.  It  may  be  mentioned,  however,  that  the 
clothiers  of  some  parts  of  Lancashire  and  Torkahire,  make  use  of 
common  Heath  for  their  yellow  and  orange  dyes ;  this,  with  a 
proper  mordant,  is  said  to  produce  on  woollen  cloth  a  more  beau- 
tiful colour,  than  either  weld  or  quercitron ;  but  it  is  not  so 
permanent. 

398.  Almost  all  Vegetables  contain  more  or  less  colouring 
matter,  capable  of  affording/ifm  colours,  or  brownish  hues  inclin- 
ing to  yellow,  red,  or  green.  The  dye  chiefly  employed  for  this 
purpose,  however,  is  obtained  from  ^e  Sumach,  a  native  of  the 
south  of  Europe  and  of  Syria.  The  shoots  of  this  plant  are  cut 
down  every  year,  close  to  the  root ;  and  after  being  dried,  they 
are  reduced  to  powder  by  means  of  a  mill.  An  infrision  of  this 
powder  yields  a  greenish  fawn  colour,  which  may  be  altered  by 
mordants.  The  principal  use  of  Sumach,  however,  is  in  dyeing 
black,  in  the  manner  presently  to  be  described.  The  colouring 
matter  of  the  husks  of  walnuts  forms  an  excellent  dye  for  wool ; 
and  it  is  much  esteemed  among  the  French  dyers,  for  the  agree- 
able and  durable  hues  it  affords  without  the  assistance  of  mor- 
dants. In  order  to  obtain  this  colouring  matter,  the  husks  are 
kept  in  water  for  a  year  or  two ;  after  which  they  give  out  much 
more  of  it  than  when  fresh.  The  Ifmita-juice,  which  is  em- 
ployed by  the  ladies  of  the  East  for  the  purpose  of  staining  their 
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nails,  is  %  vary  permanent  brown  dye ;  the  colour  not  disappear- 
ing,  nntil  the  substance  of  the  nails  is  changed  by  growth.  It 
is  also  employed  for  dyeing  ordinary  stuffs ;  but  it  has  not  been 
introduced  into  this  country. 

399.  The  Vegetable  kingdom  affords  sereral  substances, 
which  are  capable  of  themselves  producing  a  permanent  black 
dye ;  but  a  much  larger  amount  of  such  materials  is  required, 
than  eonld  thus  be  obtained ;  and  the  black  colour  of  our  cloths 
and  stuffs  is  procured  by  a  chemical  process,  of  which  one  im- 
portant ingredient  is  furnished  by  Plants.  This  process  consists 
in  adding  gallic  add  to  a  solution  of  iron ;  by  which  an  insoluble 
bluish  black  substance,  the  gallate  of  iron,  is  immediately  formed. 
If  a  cloth,  therefore,  previously  steeped  in  a  solution  of  iron,  be 
.immersed  in  an  infusion  of  any  vegetable  matter  containing 
gallic  acid,  a  black  dye  will  be  communicated  to  it.  Almost  all 
vegetable  substances  having  an  astringent  taste,  contain  gallic 
acid ;  but  especially  the  Oak  tribe.  It  is  ttom  the  abundance  of 
this  acid  in  the  Oall-nut  (which  is  an  excrescence  resulting  from 
a  kind  of  inflammation,  excited  by  a  wound  of  the  soft  tissue  of 
the  leaves  or  young  shoots  by  the  gall-fly),  that  it  takes  its  name. 
Gall-nuts  are  not,  however,  formed  upon  the  Oak  of  this  country  ;* 
but  upon  a  smaller  species,  which  grows  wild  in  the  countries 
bordering  on  the  Mediterranean.  They  are  usually  pounded  and 
then  boiled  in  water,  in  which  the  sloth  is  steeped ;  and  this  is 
afterwards  placed  in  the  solution  of  iron  (commonly  termed  cop- 
peras). The  colour  thus  communicated  is  not  a  deep  black,  but 
rather  a  dark  blue.  It  is  improved  by  logwood,  which  is  boiled 
with  the  copperas ;  and  the  stuff  should  have  been  previously 
dyed  of  a  deep  blue,  with  indigo.  A  similar  process  is  employed 
in  the  manufacture  of  common  black  writing-ink,  which  essen- 
tially consists  of  gallate  of  iron  suspended  in  water  by  means  of 
a  small  quantity  of  gum ;  and  logwood  is  here  also  added  to 
improve  i^  colour.  Chdls  are  imported  firom  the  East  Indies,  as 
well  as  from  Turkey ;  but  of  late  years  they  have  been  in  less 

•  Th«  Oak.  Applet,  however,  are  limilar  fiamuitioiii ;  at  are  also  ▼arioua  other 
excreaoeiicet,  formed  upon  different  parts  of  the  Oak,  which  b  infested  by  several 
spedesofOall-flj 
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demand,  in  ooDseqnence  of  the  introduetioii  of  another  sourM, 
from  ifrhioh  gallic  acid  may  he  obtained  at  a  much  cheaper  rate. 
This  is  in  the  cups  of  the  acorns  of  the  Yelani  Oak,  a  species 
which  grows  abundantly  in  Greece,  and  in  the  maritime  parts  of 
Asia  Minor.  These  cups,  which  do  not  contain  gallic  acid  in  the 
same  prop<«iion  as  gall-nuts,  are  known  in  commerce  by  the 
nanae  of  Valonia ;  but  in  consequence  of  their  cheapness  (being 
only  about  one-fifth  the  price  of  gaUs)  the  consumption  of  them 
is  Teiy  great.  During  the  year  1830,  the  quantity  of  gall-nuts 
employed  in  England  ¥ra8  2,297  owt. ;  whilst  that  of  Yalonia  was 
86,538  cwt.  Many  other  astringent  substances  may  be  used  as 
black  dyes  with  iron ;  and  a  good  deal  of  the  Sumach  imported 
into  Britain  is  used  for  this  purpose,  as  are  also  walnut  husks  in 
France ;  the  shells  (^chestnuts,  too,  have  been  employed,  although 
not  profitably.  In  India,  the  juice  of  the  fruit  of  the  Myro- 
balana,  which  is  not  unlike  a  plum,  is  used  for  dyeing  black  with 
iron  ;  and  when  the  pulpy  portion  is  fireed  from  the  stone,  which 
is  useless,  it  contains  more  gallic  acid  than  an  equal  weight  of 
gaUa,  and  might  be  made  a  profitable  article  of  commerce. 

400.  From  gallic  acid,  we  may  naturally  proceed  to  speak  of 
the  other  acids,  which  are  produced  by  Yegetables.  These  are 
all,  like  the  foregoing  substances,  formed  by  the  plant  itself,  from 
the  elementary  bodies  it  receives  as  food ;  and  thus  they  may  be 
regarded  as  true  {nroducts  of  vegetable  secreUon,  and  not  as 
merely  separated  by  the  plant  from  the  surrounding  soiL  In  this 
last  light  we  must  regard  the  earths  and  alkalies  obtained  from 
plants,  and  not  as  products  of  their  secreting  processes.  The 
acid  which  is  employed  in  largest  quantity,  is  the  Tartaric. 
This  18  obtained  from  the  crust  that  is  deposited  by  wine,  when 
kept  a  long  time ;  the  amount  of  which  depends,  chiefly,  upon 
the  degree  of  acidity  in  the  wine.  The  crust  which  goes  by  the 
name  of  Argol,  chiefly  consists  of  tartaric  add  in  combination 
with  potash,  forming  what  is  commcmly  known  as  Cream  of 
Tartar;  and  this  requires  to  be  purified  from  its  coloturing- 
matter  and  other  impurities,  before  it  can  be  employed  in  the 
arts.  The  acid  is  easily  obtained  in  a  separate  form  by  chemical 
processes ;  and  it  is  employed  for  many  purposes,  which  cannot  be 
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Answered  hj  the  cream  of  tartar.     Its  chief  use  is  in  manj 
procenes  of  dyeing  and  calico-printing. 

401.  Another  vegetable  acid  mach  used  in  the  arts  is  the 
Oxalic^  which  is  well  known  as  a  violent  poison.  From  the 
resemblance  of  its  crystals,  in  size  and  general  form,  to  those  of 
Epsom  salts,  it  has  not  nnfreqnently  been  administered  by 
mistake,  with  the  most  dreadful  consequences.  This  add  is 
found  united  with  potash,  in  the  leaves  of  the  Wood-sorrel  and 
common  Sorrel ;  and  the  oxalate  of  potash  is  prepared  from  their 
leaves  in  large  quantities,  in  Switzerland  and  the  neighbouring 
countries,  where  these  plants  grow  abundantly.  Its  long  needle- 
like crystals  may  be  seen  lying  amongst  their  tissues,  if  a  thin 
section  of  the  stem  or  leaf-stalks  be  placed  under  the  microscope. 
This  salt  is  known  as  Salt  of  Sorrel ;  but  it  is  sometimes  sold 
under  the  name  of  Salt  of  Lemons,  to  which  title  it  has  no  right 
whatever.  The  acid  may  be  separated  from  it,  as  in  the  former 
instance ;  and  it  is  employed  for  many  purposes  by  the  dyer  and 
calico-printer ;  as  well  as  for  removing  the  stains  of  ink,  iron- 
moulds,  &c.,  which  it  does  without  injuring  the  texture  of  the 
stuff. 

402.  The  acid  which  gives  sharpness  to  the  juices  of  lemons, 
oranges,  limes,  and  a  variety  of  other  fruits,  and  is  known  under 
the  name  of  Citric  acid,  is  likewise  one  which  has  many  im- 
portant uses,  besides  that  of  imparting  a  peculiarly  refreshing 
character  to  these  juices.  It  is  largely  employed  by  calico- 
printers,  who  now  usually  import  their  own  lemon-juice,  and 
concentrate  it  for  themselves.  At  one  time,  the  citric  acid,  which 
is  not  combined  in  the  juice  with  any  earth  or  alkali,  was 
obtained  by  chemical  processes  in  separate  crystals ;  but  it  is  now 
found,  that  the  impurities  of  the  juice  do  not  interfere  with  its 
use  in  calico-printing;  and  it  is  employed  for  this  purpose, 
almost  in  its  original  state.  For  other  purposes,  however,  pure 
citric  acid  is  required ;  and  this  is  partly  made  in  Sicily,  where 
Lemons  are  abundantly  produced,  and  frt>m  which  island,  with 
the  neighbouring  continent  of  Italy,  the  greater  part  of  the  juice 
consumed  in  Britain  is  imported.  Pure  citric  acid  is  used  in  the 
preparation  of  the  best  morocco  Leathw ;  for  improving  a  beau- 
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tifol  scarlet  dye,  produced  by  a  preparation  of  tin;  and  for 
altering  the  hue  of  some  colours,  which  are  exclusiyely  used  in 
the  dyeing  of  silk.  Besides  its  use  in  the  arts,  Lemon-juice  is 
Tery  largely  used  in  the  navy,  for  the  purpose  of  preyenting 
the  complaint  termed  Scurvy ;  which  is  very  apt  to  be  brought 
on  by  the  continued  use  of  salt  meat  by  confinement,  but  parti- 
cularly by  the  want  of  fresh  vegetables.  During  long  voyages, 
a  regular  allowance  is  made  to  each  man,  which  he  is  required  to 
use  as  a  medicine.  This,  however,  has  been  now  rendered  less 
necessary  than  formerly,  since  the  art  of  preserving  meats  and 
T^etables  in  a  fresh  state  has  been  brought  into  general  use. 
Citric  acid  exists  in  many  of  our  commonest  fruits^ — such  as  the 
cranberry,  cherry,  red  whortleberry,  and  the  hip  of  the  wild- 
briar  ;  whilst  in  the  red  gooseberry,  the  currant,  the  bilbeny , 
the  black  cherry,  the  wood  strawberry,  and  the  raspberry,  it  is 
mixed  with  an  equal  proportion  of  malic  acid,  which  exists  alone 
in  apples,  pears,  and  other  fruits.  It  is  interesting  to  notice  the 
uses  of  the  acids  in  these  situations.  It  has  been  formerly  stated, 
that  gum  or  starch,  when  acted  on  by  a  vegetable  acid  with  a 
moderate  degree  of  heat,  is  converted  into  sugar;  and  this  is 
exactly  what  takes  place  in  fruits  during  ripening, — which  pro- 
cess consists  in  the  conversion  of  the  starch  of  the  hard  unripe 
fruit  into  sugar,  without  any  diminution  in  the  amount  of  acid, 
which  is  sometimes  indeed  really  increased,  whilst  its  taste  is 
concealed  by  the  sugar. 

403.  One  more  vegetable  acid  may  be  mentioned ;  though  it 
probably  does  not  exist  as  such,  in  the  substance  from  which  it 
18  obtuned,  but  is  formed  by  the  heat  employed  to  set  it  free. 
This  is  pyroliffneoui  acid,  formerly  called  acid  spirit  of  wood, 
which  is  procured  by  subjecting  wood  in  closed  iron  retorts  to  a 
strong  red-heat ;  the  vapour  that  is  given  off,  partly  consists  of 
this  acid,  mixed  with  tarry  matter,  which  is  separated  by  a 
second  distillation.  This  acid,  which  in  some  degree  resembles 
very  strong  vinegar,  is  used  by  the  dyer  and  calico-printer ;  and 
it  is  also  employed  for  making  pickles  and  other  culinary  pre- 
parations, in  which  an  acid  of  great  strength  b  required.  The 
impure  acid  has  been  found  to  possess,  in  a  remarkable  degree, 
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the  power  of  checking  tlie  pntrefactioii  of  ftmmal  BubetanoeB, 
eyen  when  applied  in  very  small  qnantity ;  thb  is  due,  however, 
not  to  the  acid,  but  to  a  certain  ingredient  in  tlie  tarry  matter, 
which  is  mixed  up  with  it,  and  which,  when  separated  nnder  the 
name  of  creoiotey  is  now  well  known  as  a  valuable  medicine, 
especially  for  the  relief  of  tooth-ache.  The  discovery  of  the 
influence  of  this  substance  in  controlling  putrefaction,  would  be 
of  great  value,  if  it  were  not,  that,  by  no  subsequent  process  of 
cooking,  can  tiie  tarry  flavour  communicated  by  it  to  the  meat, 
be  got  rid  of. 


404.  Having  thus  passed  in  review  some  of  the  most  im- 
portant products,  afforded  by  the  secreting  processes  of  Plants, 
for  Man's  use  and  benefit,  and  having  been  obliged  to  confess  our 
almost  entire  ignorance  of  the  processes  they  serve  in  the  Vege- 
table economy,  we  might  proceed  to  the  next  division  of  our 
subject ;  but  it  would  be  wrong  not  to  pause  here  for  a  moment, 
to  contemplate  the  important  inferences  which  nay  be  drawn 
from  the  foregoing  details,  in  regard  to  the  Power,  Wisdom,  and 
Goodness  of  the  Almighty  Designer.  His  Power  is  scarcdy 
anywhere  more  remarkably  displayed,  than  in  the  immense 
variety  of  products,  which  are  elaborated  out  of  the  three 
simple  elements — oxygen,  hydrogen,  and  carbon, — ^by  processes, 
which,  as  far  as  we  can  understand  them,  appear  to  be  of  the 
most  simple  description.  His  Wisdom  is  strikingly  evinced  in 
the  difFusion  of  these  products  over  the  whole  globe ;  so  that 
there  is  scarcely  a  country,  which  does  not  naturally  contain 
those,  which  may  be  most  useful  to  its  inhabitants.  And  his 
Goodness  is  peculiarly  manifested  in  the  adaptation  of  these  pro- 
ducts— the  formation  of  which  (we  can  scarcely  doubt,  although 
we  -cannot  understand)  must  have  an  object  as  regards  the  plants 
themselves — to  the  use  of  Man,  in  ministering  to  those  various 
wants,  which  have  sprung  out  of  his  condition  as  a  rational 
being,  endowed  with  higher  foculties  and  more  varied  powers  of 
enjoyment,  than  those  of  the  beasts  which  perish,  and  yet  de- 
pendent for  the  most  favourable  use  of  these,  upon  the  judioioui 
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employment  of  the  means,  with  which  a  boantiful  Proyidence 
has  abundantly  supplied  him.  The  nourishment  of  Man''8  body 
in  health,  his  restoration  in  disease,  the  clothing  that  covers  him, 
the  varied  hues  which  he  can  communicate  to  this,  the  colours 
which  delight  his  eye  in  the  verdant  landscape,  or  in  the  skilfully 
painted  picture,  the  odours  which  refresh  his  senses,  the  timber 
of  which  his  habitations,  his  manufactories,  his  ships,  are  partly 
or  wholly  constructed, — these  are  but  a  few  of  the  provisions, 
which  the  benevolence  of  the  Creator  has  made  for  his  comfort, 
in  the  organisation  of  the  Vegetable  World.  Who,  then,  shall 
say,  that  it  is  less  fertile  in  the  evidences  of  a  Designing  Provi- 
dence, than  the  Animal  Creation  ? 
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OP  THE  PRODUCTION  OF  LIGHT,  HEAT,  AND  ELECTRICITY  BY 
PLANTa—MOTIONS  OP  PLANTa 

405.  It  has  been  already  stated  that,  by  the  operation  of 
these  agents  npon  the  Vegetable  system,  are  chiefly  maintained 
those  changes  which  make  up  the  li/0  of  each  being.  (§.  9.)  If 
Light  be  withdrawn,  several  of  the  most  important  of  these  are 
speedily  checked.  If  Heat  be  suspended,  all  of  them  directly 
cease.  With  regard  to  the  influence  of  Electricity,  less  is  known, 
and  nothing  can  be  positirely  stated.  But  Light,  Heat,  and 
Electricity  are  not  only  required  by  Plants  as  oonditions  of  their 
growth ;  but  are  sometimes  produced  by  them. 

406.  There  are  few  instances  in  which  Li^ht  is  evolyed  from 
Itving  Plants ;  but  these  few  are  very  curious.  Many  flowers, 
especially  those  of  an  orange  colour,  such  as  the  Sun-flower, 
Marigold,  Nasturtium,  &c.  have  been  said  to  disengage  light  in 
serene  and  warm  summer  evenings,  sometimes  in  the  form  of 
sparks,  sometimes  with  a  steadier  but  more  feeble  glow.  Light 
is  also  emitted  by  certain  species  of  Fungi,  especially  those  which 
grow  in  moist  and  warm  places,  where  light  is  entirely  excluded, 
as  in  the  depths  of  mines.  The  light  is  perceived  in  all  parts  of 
the  plant ;  but  chiefly  in  the  young  white  shoots.  It  ceases  if 
the  plant  be  deprived  of  oxygen,  either  by  being  placed  in  a 
vessel  from  which  the  air  has  been  exhausted,  or  in  some  other 
gas ;  and  it  re-appears,  when  the  plant  b  restored  to  air.  No 
luminousness  is  perceived  after  the  death  of  the  plant.  It  would 
seem  probable,  therefore,  that  this  extrication  of  light  is  in  part 
connected  with  that  conversion  of  oxygen  into  carbonic  acid, 
which,  as  already  mentioned,  takes  place  very  rapidly  in  flowers, 
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and  in  the  whole  substance  of  the  Fungi  (§.  290.))  ftod  which 
may  be  regarded  as  a  sort  of  slow  combustion.  An  eToiution 
oi  light  has  also  been  obeerred  to  take  place,  from  dead  and 
decaying  wood  of  various  kinds,  particularly  that  of  roots ;  and 
alao  firom  Fungi  whilst  decomposing.  This  corresponds  with  the 
lominousnees  of  certain  Animal  bodies  after  death. 

407.  It  is  well  known  that  the  higher  Animals  alone  possess 
ihe  power,  of  keeping  the  temperature  of  their  bodies  up  to  a 
certain  fixed  standard ;  and  that  in  the  lower  tribes,  the  heat  of 
the  body  varies  with  that  of  the  atmosphere,  being  frequently 
but  a  very  little  above  it ;  so  that  these,  giving  to  the  touch  a 
sensation  of  cold,  are  termed  cold-blooded  animals.  Still,  they 
have  mmie  power  of  generating^  or  producing  heat,  which  is  shown 
by  their  power  of  resisting  the  influence  of  extreme  cold  for  a 
long  time.  In  regard  to  Plants,  much  doubt  has  been  enter- 
tained at  different  times,  whether  they  could  be  said  to  have  a 
proper  heat  or  not ;  or  whether  their  temperature  is  not  entirely 
dependent  upon  that  of  the  atmosphere.  But  this  doubt  has 
jreaolted  from  a  very  limited  view  of  the  processes  of  the  Vegetable 
Economy,  against  which  it  is  desirable  to  guard  the  young 
reader. 

408.  The  production  of  heat  in  Animals  is  principally 
dependent  upon  the  conversion  of  Oxygen  into  Carbonic  acid,  by 
its  union  with  the  carbon  thrown  off  in  respiration ;  and  just  as 
the  rapid  combustion  of  charcoal  in  oxygen  gives  out  a  great 
degree  of  heat,  so  does  the  slower  process  of  union  in  which  the 
respiration  of  human  beings  really  consists,  disengage  heat  more 
gently.  (Amim.  Physiol.  Chap,  vi.)  Now  in  Plants  this 
process  of  respiration  takes  place  so  slowly  (in  comparison  with 
Animals),  and  from  a  surfsuse  so  openly  exposed  to  the  atmo- 
sphere, that  it  could  scarcely  be  expected  that  there  should  be 
any  sensible  elevation  of  the  temperature  of  the  part  from  this 
source ;  especially  when  it  is  considered  that  a  constant  loss  of 
heat  is  taking  place  by  evaporation.* 

*  See  TmsATiBE  on  Hkat.  This  &et  U  madiljr  ondentood,  by  poaring  a  little 
water,  a  little  spirit  of  wine,  and  a  little  ether,  one  after  another,  upon  die  back 
of  the  hand.     Although  they  may  have  been  all  of  the  same  temperature,  the 
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409.  Some  recent  experiments,  however,  made  with  an 
apparatus  that  would  indicate  extremely  slight  changes  of  tem- 
perature, have  proved  that  the  process  of  Respiration  in  Plants 
is  accompanied  hy  a  disengagement  of  heat;  but  in  order  to 
establish  this,  it  was  necessary  to  compare  the  temperature  of  a 
living  plant  with  that  of  a  dead  one,  having  the  same  proportion 
of  moisture  at  its  surface;  since  in  this  way  only,  could  the 
true  effect  of  respiration  in  producing  heat  be  known,  whilst  the 
evaporation  was  continually  preventing  the  manifestation  of  it, 
by  cooling  the  surface.  In  this  manner  it  was  found,  that  the 
heat  of  the  surfaces  of  plants  is  raised  by  their  respiration,  firom 
1  to  2^  degrees  above  what  it  would  otherwise  be. 

410.  It  has  long  been  observed^  that  the  interior  of  large 
trunks  possesses  a  temperature  more  uniform  than  that  of  the 
surrounding  air ;  being  cooler  than  the  atmosphere  in  summer, 
and  warmer  in  the  winter.  There  are  at  least  two  causes  of  this 
occurrence. — "Wood  is  a  slow  conductor  of  heat ;  thus,  if  a  piece 
of  stick  and  a  rod  of  iron  of  equal  sizes  have  one  end  heated  in 
the  fire,  the  further  end  of  the  stick  -mJl  be  nearly  cold,  whilst 
that  of  the  iron  is  too  hot  to  be  handled.  Further,  the  conducting 
power  of  wood  is  still  less  across  the  grain  (or  through  the  stem), 
than  teiih  the  grain  (or  along  the  stem)  ;  so  that  changes  in  the 
external  air  will  not  readily  affisct  the  centre  of  a  large  trunk  ; 
and,  accordingly,  it  is  found  that,  the  larger  the  trunk  on  which 
the  observation  is  made,  the  greater  is  the  difierence  between  its 
state  and  that  of  the  air. — ^The  other  reason  is,  that  some  motion 
of  the  sap  takes  place  even  in  winter  ;  and  the  fluid  taken  up  by 
the  roots  principally  comes  from  a  depth  in  the  ground,  at  which, 
from  the  bad-conducting  power  of  the  soil,  the  temperature  is 
nearly  uniform  throughout  the  year. 

41 1.  The  evolution  of  heat  by  Plants  is  most  evident,  at  those 
periods  of  their  existence,  in  which  an  extraordinary  quantity  of 
carbonic  acid  is  formed  and  given  off.  This  is  the  case  during  the 
germination  or  shooting-forth  of  seeds ;  and  though  the  heat 

hand  if  eooled  least  by  the  water,  more  by  the  spirit,  aod  most  hj  the  ether, — in 
proportion,  in  fact,  to  the  rapidity  with  which  these  ilaids  respectiTely  pass  off  in 
▼apoar. 


Digitized  by  VjOOQ IC 


BEAT   OF   8EKD8   AKD    FLOWERS.  263 

produced  by  a  single  seed  is  too  soon  carried  off  by  surrounding 
bodies,  to  be  perceptible,  it  accumulates  to  a  high  degree,  when 
&  number  are  brought  together,  as  in  the  proce^  of  mdU%7ig 
(§.  283,4),  in  which  the  thermometer  has  been  seen  to  rise  to 
110°.  The  same  may  be  said  of  that  other  period  of  vegetation, 
ia  which  an  extraordinary  amount  of  carbonic  acid  is  evolved, — 
that  of  flowering  (§.  285).  It  is  evident  that,  from  the  little 
ndmtance  of  the  parts  tlius  heated,  and  the  large  amount  of  sur- 
/ac$  they  expose  to  the  air,  the  heat  will  be  carried  off  by  the 
atmosphere,  almost  as  rapidly  as  it  is  produced.  Still  in  some 
flowers,  a  considerable  amount  of  heat  can  be  proved  by  the 
thermometer  to  be  disengaged;  thus,  a  Geranium  has  been  found 
to  possess  a  heat  of  87%  when  the  air  around  was  at  81°. 

412.  As  in  the  case  of  seeds,  however,  the  production  of 
heat  is  most  sensible,  when  a  number  of  flowers  are  crowded 
together ;  and  this  is  still  more  the  case,  when  they  are  inclosed 
in  any  general  covering,  as  are  those  of  the  Arum  family.  In 
these  the  flowers  are  small,  and  are  very  closely  set  upon  a 
stolk,  which  is  called  a  ipadix  ;  and  the  whole  cluster  is  sur- 
rounded by  a  large  leafy  sheath  called  a  Mpathe,  It  is  in  these 
flowers,  that  the  size  of  the  fleshy  disk  is  the  most  considerable, 
and  the  quantity  of  carbon  to  be  united  with  oxygen  is'  therefore 
the  greatest ;  and  the  combination  of  this  cause  with  the  other 
occasions  the  temperature  of  the  clusters  to  be  raised  very  high. 
A  thermometer  placed  in  the  centre  of  five  spadixes  has  been 
seen  to  rise  to  111°,  and  one  in  the  centre  of  twelve  to  121°, 
-—while  the  temperature  of  the  external  air  was  only  Q^*,  The 
increase  of  temperature  commences  with  the  opening  of  the 
flower ;  and  it  is  greatest  at  the  time  of  the  shedding  of  the 
pollen  (§.  433). 

413.  That  the  development  of  heat  in  these  cases  is  owing 
to  the  conversion  of  carbon  into  carbonic  acid,  is  proved  by  two 
kinds  of  experiments.  In  one,  the  cluster  of  flowers  was  placed 
in  pure  oxygen,  by  which  this  change  was  performed  much  more 
xapidly  than  in  common  air ;  and  the  heat  given  out  was  much 
greater,  than  that  evolved  by  a  flower-stem  at  the  same  stage, 
in  common  air.     On   the  other  hand,  a  spadix  being  put  into 
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nitrogen  (the  gas  which  forms  the  greatest  part  of  oommon  air, 
seeming  to  have  for  its  object  to  dilate  the  oxygen,  which  by 
itself  would  be  too  powerful  for  the  support  of  animal  and 
vegetable  life),  the  formation  of  carbonic  acid  was  altogether 
checked,  and  no  heat  was  given  off;  although  the  opening  of  the 
flower,  and  the  shedding  of  the  pollen,  took  place  to  all  appear- 
ance as  usual. 

414.  So  little  has  been  satisfactorily  ascertained,  regarding 
the  connection  of  Electricity  with  the  processes  of  Vegetable 
growth,  that  it  seems  undesirable  here  to  dwell  upon  the  mani- 
festations of  this  agent  which  sometimes  occur.  It  may  be  stated, 
however,  that,  whilst  on  the  one  hand,  the  condition  of  the 
atmosphere  in  regard  to  Electricity  has  evidently  a  striking  in- 
fluence on  the  rapidity  of  their  growth  (some  plants  having  been 
known  to  increase  in  the  most  extraordinary  manner  during 
thundery  weather),  the  electricity  developed  by  the  changes 
which  take  place  in  the  economy  of  plants,  has  probably  a  very 
powerful  influence  on  the  condition  of  the  atmosphere.  It  is 
well  known  that  by  all  chemical  changes,  such  as  occur  in  every 
process  of  vegetation, — ^from  the  absorption  of  the  crude  sap,  to 
its  final  conversion  into  the  substances  which  are  to  remain  fixed 
or  permanent  through  a  long  series  of  years, — electricity  is  pro- 
duced. Further,  the  mere  evaporation  of  water  from  the  sur- 
face of  the  leaves  will  do  the  same  ;  and  thus  a  constant  seriee 
of  changes  in  the  electric  state  of  plants  will  6ccur,  which  will 
communicate  themselves  to  the  atmosphere. 

415.  The  general  electric  state  of  plants  is  found  to  be  that 
termed  negative  ;*  and  if  any  circumstances  cause  the  atmosphere 
to  be  positively  electrified  through  a  considerable  space,  some 
great  commotion  of  the  elements  is  not  unlikely  to  take  place. 
Hence,  the  dreadful  hurricanes,  which  occanonally  devastate  the 
West  Indian  islands,  may  be  in  some  degree  accounted  for.  The 
evaporation  of  the  water  from  the  sur&ce  of  the  surrounding 
ocean,  tends  to  make  the  air  above  it  positively  electrical ;  and 
this,  too,  at  the  very  time  when  the  brilliant  light  and  genial 

*  See  Trkatisk  om  Electricity. 
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wirmtli  of  the  sod,  are  oaomng  the  vegetatioii  of  the  knd  to 
poflBeas  an  opposite  condition.  *^  How  wond^^l,"  it  has  been 
remarked,  **  are  the  operations  of  natnre !  The  silent  and  peace- 
ful growth  of  a  vegetation,  whose  splendour  fascinates  the  eye, 
dcTelops  an  agency,  which,  opposed  to  that  produced  by  the 
rapid  but  unobserved  evaporation  from  the  sur&oe  of  the  sur- 
rounding ocean,  tends  to  load  the  atmosphere  with  conflicting 
elements,  from  the  depth  of  whose  strife  issues  thunder  proclaim- 
ing the  approach  of  the  hurricane  and  tornado." 

Ofihe  Motions  of  Plants. 

416.  The  gradual  movements  of  the  parts  of  plants,  which 
occur  as  a  part  of  the  natural  changes  involved  in  their  growth, — 
such  as  the  extension  of  their  roots  beneath  the  ground,  and  the 
elevation  of  their  leaves  and  flowers  by  the  upward  growth  of 
their  stems  and  branches, — have  been  already  noticed;  and  tlie 
causes  which  influence  tl^m  have  been  assigned,  as  far  as  our 
knowledge  of  them  extends  (§.  lO?)  309).  A  curious  experi- 
ment has  been  recently  performed,  which  proves  in  a  remarkable 
manner  the  influence  of  light,  on  the  direction  of  the  growth  of 
these  parts.  Some  seeds  of  Cabbages,  Mustard,  and  Kidney- 
beans,  were  placed  in  Moss ;  and  were  so  arranged,  that  the 
only  light  they  could  receive  was  from  a  mirror,  which  threw 
the  sohff  rays  upon  them  from  below,  upwards ;  the  natural 
direction  of  their  growth  was  in  this  manner  completely  changed, 
— ^the  stem  being  sent  downwards,  and  the  roots  upwards. 

417.  We  have  here  to  notice,  however,  another  set  of  move- 
ments displayed  by  Plants ;  in  which  an  evident  change  of  place 
occurs,  whilst  they  are  being  observed  for  a  short  time.  One  of 
these  is  known  as  the  sleep  of  plants,  from  the  circumstance  of 
its  generally  occurring  in  the  evening.  This  consists  sometimes 
in  the  foldiug-together  of  the  leaves,  in  other  cases  ip  their 
drooping,  and  occasionally  in  their  clasping  the  stem  ;  it  is  most 
displayed  in  Leguminous  plants  having  pmnate  leaves  (§.  238.) ; 
and  in  them  the  lateral  leaflets  commonly  fold  together,  whilst 
the  leaf-stalks  are  bent  downwards  on  the  stem.  Many  flowers, 
also,  exhibit  a  regular  movement  of  the  same  description; — 
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dosing  together  at  night,  and  unfolding  in  the  morning.  There 
are  a  few  species,  however,  whidi  nnfold  at  night  and  dose 
during  the  day.  There  are  some,  too,  which  close  during  the 
day,  when  the  sky  is  overcast  and  a  storm  is  threatened.  These 
changes  seem  almost  entirely  dependent  upon  the  degree  of  light, 
to  which  the  plant  is  exposed ;  for  they  may  be  made  to  take 
place  at  the  contrary  periods,  by  keeping  the  plants  in  a  dark- 
ened room  during  the  day,  and  placing  them  at  night  in  strong 
lamplight.  It  is  usually  some  little  time,  however,  bdbre  they 
become  accustomed  to  the  change ;  and  their  movements  are  at 
first  irregular.  The  mode  in  which  light  produces  these  move- 
ments has  not  yet  been  ascertained;  but  it  can  scarcely  be 
doubted,  that  it  is  by  its  influence  on  the  exhalation  of  fluid  from 
the  soft  tissues,  on  one  side  of  the  bending  part  more  than  on 
the  other.  Supposing  that  the  part  were  otherwise  bent,  the 
influence  of  light  upon  the  cells  of  the  convex  side  would  cause 
them  to  contract,  and  thus  straightem  it, — a  change  which  we 
shall  presently  see  to  be  elsewhere  effected  by  another  cause 
acting  in  like  manner.  Whilst,  if  the  part  were  straight  in  the 
dark,  so  that  the  leaves  were  erect,  and  the  flowers  expanded, 
the  influence  of  light,  acting  more  on  one  side  than  on  the  other, 
would  cause  it  to  bend  towards  that  side,  by  causing  the  tissue 
to  contract. 

418.  The  influence  of  water,  or  of  varying  degrees  of  mois- 
ture in  the  atmosphere,  seems  often  to  produce  movements  in 
the  living  plant,  as  well  as  in  dead  portions  of  its  tissues.  It  is 
in  this  way  that  the  closure  and  unclosure  of  the  Rose  of  Jericho^ 
and  the  Lycopodium  of  Peru,  are  occasioned, — the  one  by 
drought,  the  other  by  the  contact  of  fluid.  This  is  easily  ac- 
counted for,  by  supposing  that  the  cells  on  one  side  are  larger, 
and  have  thinner  walls  than  those  on  the  other ;  and  these  will, 
therefore,  be  most  easily  distended  when  placed  in  water,  and 
will  soonest  lose  their  fluid  in  drying.  The  beards  of  the  Gera- 
nium and  Wild  Oat  curl  up  in  dry  weather  and  straighten  in 
damp ;  those  of  some  other  plants  perform  the  contrary  move- 
ment. Such  parts  of  plants  are  often  used  in  the  construction  of 
hygrometers^  to  indicate  the  amount  of  dryness  in  the  atmosphere, 
to  detect  dampness  in  beds,  &c 
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419.  Some  of  the  moet  interesting  among  the  vegetable 
moyements  are  those  concerned  in  the  deposition  of  the  seed. 
The  Balsam  termed  Impatimt  noli-m&-tangere  has  a  seed-Teseel 
or  capsule,  formed  of  five  divisions  or  yalves ;  which,  when  the 
seed  is  ripe,  suddenly  separate  from  one  another  and  curl  in- 
ifards,  scattering  the  seed  to  some  distance.  Now  an  examina- 
tion of  the  tissue  of  these  valyes  shows,  that  their  outer  part 
consists  of  much  larger  cells  than  the  inner,  and  that  the  fluid 
contained  in  it  is  the  densest.  Bj  the  laws  of  Endoimose 
(§.  118),  therefore,  the  fluids  contained  in  the  tissue  of  the 
interior  will  have  a  tendencj  to  pass  towards  the  outside,  and 
will  distend  its  yesioles  still  more.  This  distension  of  the  out- 
side layer  will  manifestly  giro  the  valves  a  tendency  to  curl 
inwards ;  just  as  when  two  thin  plates  of  metal,  which  expand 
unequally  hy  heat,  are  soldered  together,  and,  heat  being  applied, 
the  compound  plate  bends  towards  the  side  which  expands  least. 
This  tendency  continues  to  increase  up  to  the  time  when  the 
seed  is  ripe ;  and  it  is  then  so  powerful  as  to  cause  the  separa- 
tion of  the  valves  from  each  otlier,  and  to  occasion  the  rolling 
inwards  of  each.  Now  it  has  been  found  that,  if  the  valves  be 
placed  in  a  fluid  more  dense  than  that  which  the  valves  contain, 
such  as  syrup  or  gum-water,  the  fluid  will  be  drawn  off  from 
their  cells,  according  to  the  same  law  of  Endosmose ;  and  the 
cells  on  the  exterior  will  be  emptied  soonest,  on  account  of  their 
being  larger  and  fuller  than  the  others ;  so  that  the  valves  be- 
come straight,  and  even  curl  outwards.  But  if  they  be  put  into 
water,  the  Endosmose,  still  taking  place  towards  the  side  on 
which  the  fluid  is  densest, — namely  the  interior  of  the  cells, — 
will  distend  them  still  more,  and  will  cause  the  valves  to  curl 
inwards  more  powerfully  than  at  first  Another  instance  of 
movement  with  the  same  object,  which  may  be  explained  in  a 
similar  manner,  is  that  of  the  seed-vessel  of  the  common  Squirt- 
ing-Cucumber  (Mamordiea  Elaterium).  This,  when  ripe,  very 
readily  separates  from  its  stalk;  and  its  pulpy  contents  are 
violently  forced  out  from  the  aperture  thus  left.  The  pulpy 
matter  surrounding  the  seeds  occupies  the  centre  of  the  fruit, 
and,  by  its  own  increase  in  amount,  distends  the  cavity ;  the 
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elasticity  of  the  waUs,  therefore,  occasions  their  Tiolent  con- 
tractioD,  when  an  aperture  is  formed  in  any  way,  by  which  the 
distension  is  relieved. 

420.  Such  expUnations,  however,  will  by  no  means  account 
for  all  the  evident  movements  of  Plants  ;  and  it  is  necessary  to 
suppose  their  living  tissues  to  be  endowed  with  a  property 
termed  contractility^  by  which  they  are  enabled  to  contract  upon 
the  application  of  a  stimulus,  just  as  do  the  muscular  fibres  of 
animals.  The  Vegetable  kingdom  affords  many  examples  of 
this  kind  of  contraction.  Thus,  if  the  leaves  of  the  common 
Wild  Lettuce  be  touched,  when  the  plant  is  in  flower,  the  part 
will  be  covered  with  milky  juice,  which  is  forced  out  through 
the  stomata,  by  the  contraction  of  the  cells  or  vessels  beneath. 
Again,  m  the  flower  of  the  Berberry,  if  the  base  of  the  stamen 
be  touched  with  the  point  of  a  pin,  the  filament  or  stalk  will 
bend  over,  so  as  to  strike  its  top  against  the  style  or  central 
pillar  of  the  flower.  This  movement  will  hereafter  be  seen 
(§.  437)  to  be  connected  with  the  process  ot/ertiliicUion;  and  it 
must  be  frequently  caused  by  the  contact  of  insects,  which  thus 
assist  in  that  function.  There  is  a  curious  New  Holland  plant, 
named  Stylidium,  sometimes  cultivated  in  green-houses  in  this 
country,  which  has  a  tall  column  rising  from  the  centre  of  its 
flower,  and  consisting  of  the  stamens  and  style  united ;  thisi 
usually  hangs  down  over  one  side  of  the  flower ;  but  if  it  lie 
touched  ever  so  lightly,  it  starts  up  with  a  jerk,  and  rapidly 
swings  over  to  the  opposite  side. 

421.  One  of  the  most  interesting  of  all  the  Vegetable  move- 
ments, however,  is  that  displayed  by  the  Seruitive plant  (Mimosa 
pudica).  This  is  a  Leguminous  plant  of  the  Acacia  kind,  which 
has  its  leaves  very  much  subdivided  into  leaflets.  When  spread 
out  in  sunshine,  they  present  no  peculiarity  of  appearance ;  but  at 
night  they  fold  together  as  in  sleep,  more  completely  perhaps  than 
the  leaves  of  any  other  plants.  If^  when  expanded,  oQe  of  the 
leaflets  be  slightly  touched,  it  will  close  towards  its  fellow ;  the 
neighbouring  leaflets  will  presently  do  the  same  ;  the  vein  upon 
which  these  are  set  will  bend  downwards,  and  meet  the  one  on 
the  opposite  side  of  the  midrib ;  the  midrib  itself  will  afterwards 
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bend  down  npon  the  stem ;  and,  if  the  plant  be  in  a  very  irri- 
table condition  (from  its  functions  being  in  a  state  of  great  acti- 
vity), the  other  leaves  are  sometimes  affected  in  a  similar  man- 
ner. The  explanation  of  this  very  curious  phenomenon  requires, 
that  the  structure  of  the  parts  concerned  in  it  sliould  be  ezplaioed. 
It  is  evident  that  the  cause  of  the  movement  must  be  in  some  way 
propagated  from  the  part  touched,  to  the  parts  where  the  change 
actually  takes  place, — namely  the  points  where  the  leaflets  join 
the  veins,  the  veins  come  from  the  midrib,  and  the  midrib  from 
the  stem.  At  every  one  of  these  points,  there  is  a  little  swelling 
or  intumeicmcey  formed  of  very  spongy  cellular  tissue,  and  con- 
taining a  great  deal  of  fluid  in  its  cells.  If  the  under  side  of  the 
intumescence  at  the  foot  of  the  leaf-stalk  be  touched,  its  vesicles, 
being  very  irritable,  contract  and  force  out  the  fluid  they  contain; 
and  this  necessarily  pulls  down  or  depresses  the  leaf-stalk  and 
all  that  it  carries.  If,  on  the  other  hand,  anything  distend  the 
cells  on  the  upper  side  of  the  intumescence,  the  leaf-stalk  n 
pushed  down,  as  it  were,  in  a  nmilar  manner.  The  intumescence 
at  the  origin  of  each  vein,  and  at  the  base  of  each  leaflet,  seems 
to  possess  the  same  properties,  in  a  degree  proportional  to  its 
sixe ;  and  they  are  all  connected  together,  by  the  vessels  and 
woody  tubes  of  the  midrib  and  veins.  Now,  when  the  tissue  of 
any  of  the  leaflets  be  touched,  it  appears  to  contract  in  the  same 
manner  as  does  that  of  the  Wild  Lettuce ;  but  instead  of  squeez- 
mg  out  its  fluid  upon  the  surface,  it  forces  it  through  the  vessek 
into  the  upper  side  of  the  intumescenees  at  the  base  of  itself  and 
its  fellow ;  and  these  leaflets  are  thus  caused  to  fold  down  and 
meet  each  other.  The  fluid  forced  out  from  the  under  side  of 
their  intumescences  is  probably  carried  to  the  upper  side  of  those 
at  a  little  distance  ;  and  thus  the  neighbouring  leaflets  also  are 
depressed.  The  depression  of  the  veins  upon  the  midrib,  and  of 
the  midrib  or  footstalk  itself  upon  the  stem,  will  follow  in  like 
manner ;  the  extent  to  which  the  movement  is  propagated,  being 
dependent  on  the  amount  of  fluid  expelled  from  the  lower  side 
of  the  intumescence,  in  the  parts  where  it  has  already  taken 
place. 
422.     Various  other  stimulants,  besides  the  touch  of  a  hard 
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body,  will  produce  nmiUur  efiecta.  Thii8y  if  electric  sparks  be 
communicated  to  the  lower  ride  of  the  intumescence,  or  the  rays 
of  the  sun  be  concentrated  on  it  with  a  burning-glass,  a  simibr 
contraction  of  its  yericlea,  and  dejureerion  of  the  lea^  will  follow. 
In  this,  as  in  the  foregoing  instance,  the  leaves  return  after  a 
time  to  their  usual  condition.  Several  species  of  the  Acacia 
tribe,  growing  in  warm  climates,  exhibit  corresponding  changes 
in  a  less  degree. — The  closure  of  the  fly-trap  of  the  Dionaaa 
({.  246.)  may  be  probably  explained  on  rimilar  principles;  the 
part  here  irritated,  is  the  tissue  at  the  base  of  the  three  thorns, 
on  each  ride  of  the  leaf;  one  of  whidi  must  be  touched,  in  order 
to  excite  the  movement. 
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423.  Thb  limits  which  have  been^set  hj  the  Creator,  to  the 
duration  of  the  life  of  each  being,  that  exists  at  anj  one  time  on 
the  8ar£Eu;e  of  the  globe,  would  cause  the  earth  to  be  speedily 
unpeopled,  were  not  a  compensation  provided  in  the  faculty  of 
ReproductioD,— or  the  formation  of  a  new  being  similar  to  itself 
— ^possessed  by  eyery  kind  of  Plant  and  Animal.  This  power 
of  creating  (as  it  were)  a  living  structure,  with  all  its  wondrous 
mechanism, — ^possessed,  too,  in  Animals  of  the  faculties  of  sen- 
sation and  thought,  and  in  Man  the  residence  of  an  immortal 
spint, — seems  at  first  sight  more  extraordinary  and  mysterious, 
than  any  which  we  elsewhere  witness.  Yet  it  is  not  perhaps  so 
in  reality.  The  processes  which  are  constantly  taking  place 
during  the  life  of  each  being,  and  which  are  necessary  to  the 
maintenance  of  its  own  existence,  are  no  less  wonderful,  and  no 
less  removed  from  anything  which  we  witness  in  the  world  of 
dead  matter.  When  the  tree  unfolds  its  leaves  with  the  return- 
ing warmth  of  spring,  there  is  as  much  to  interest  and  astonish, 
in  the  beautiful  structure  and  important  uses  of  these  parts,  as 
there  is  in  the  expansion  of  its  more  gay  and  variegated  blos- 
soms ;  and  when  it  puts  forth  new  buds,  which  by  their  exten- 
sion prolong  its  branches  over  a  part  of  the  ground  previously 
unshaded  by  its  foliage,  the  process  is  in  itself  as  wonderful,  as 
the  formation  of  the  seed  that  is  to  propagate  its  race  in  some 
distant  spot.  Thus  it  is  that  scientific  knowledge  heightens  our 
interest  in  Nature,  by  showing  that,  in  those  things  which  seem 
most  common,  there  are  as  many  sources  of  interest  and  instruc- 
tion, as  in  that  which,  from  its  apparently  mjTsterious  character, 
is  usually  regarded  with  more  curiosity. 
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424.  Id  the  lowest  plants,  the  process  of  reproduction  is  as 
simple  as  that  of  their  growth.  Each  single  cell  of  the  Red 
Snow  (§.  48,  Fig.  14)  for  example,  produces  within  itself  a  num- 
ber of  little  particles ;  which,  at  a  certain  period,  are  set  free  hj 
the  bursting  of  the  parent-cell  which  incloses  them.  These 
granules  then  gradually  enlarge, — deriving  their  nourishment 
from  the  air  and  moisture  around ;  and  in  time  thej  acquire  the 
size  of  the  parent  plant,  and  in  their  turn  produce  a  new  familj 
within  themselves,  which  at  the  proper  time  they  set  fr«e.  A 
similar  process  takes  place  in  the  Yeatt-Plant  (§.  56,  Fig.  18). 
In  the  Can/frwB  (§.  41,  Fig.  11), — in  which  a  number  of  cells 
are  united  together,  end  to  end,  in  each  filament, — the  several 
cells  in  like  manner  set  free  from  their  intericnr  the  little  green 
particles,  which  serve  to  propagate  their  kind ;  but  the  parent 
oells  do  not  lose  their  own  lives,  in  thus  sending  a  new  generation 
into  the  world ;  for,  instead  of  bursting,  they  allow  the  granules 
to  pass  out  by  a  small  aperture  which  forms  in  their  walls.  The 
gfowth  of  these  particles  within  the  parent  cell  may  be  distinctly 
traced  :  at  first  they  are  seen  adhering  to  its  inner  wall ;  then 
they  separate  themselves  frx)m  it,  and  float  in  the  fluid  it  con- 
tains ;  then  they  are  seen  to  move,  while  yet  within  the  cell ; 
and  after  they  have  passed  out,  they  continue  their  motion,  even 
in  an  increased  degree,  for  some  time.  At  last  they  attach  them- 
selves to  some  fixed  object,  and  their  development  into  new 
plants  then  begins.  The  particle  gradually  enlarges,  and  forms 
a  cell  containing  fluid  ;  this  cell  takes  an  oval  form,  and  a  parti- 
tion then  appears  across  it,  dividing  it  into  two ;  one  of  these  is 
elongated  in  the  same  manner,  and  is  again  subdivided ;  so  that 
at  last,  a  complete  filament,  consisting  of  many  cells,  is  produced ; 
— this,  in  its  turn,  sends  out  reproductive  particles  frt>m  its  cells, 
which  go  through  the  same  processes.  The  curious  movement 
of  these  grannies  (which  any  one  possessing  an  ordinary  micro- 
scope may  observe  for  himself,  by  watching  the  reproductive 
processes  in  the  common  Conferv®  of  our  streams,)  has  given  rise 
to  the  notion,  that  they  were  to  be  regarded  as  anitnalcttUs^  at  this 
stage  of  their  existence ; — a  notion  which  is  only  mentioned  here, 
to  point  out  its  absurdity ;  since,  whatever  may  be  the  cause  of 
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these  moTements  (which  is  still  obscure),  they  do  not  afford  any 
e^dence  of  being  guided  by  Sensatioii  and  Will,  of  which  no 
real  Animal  can  be  entirely  destitute. 

425.  In  all  these  cases,  the  process  of  Reproduction  is  per- 
fbrmed  in  a  manner  as  simple  as  that,  which  any  of  the  functions 
of  Vegetable  Life  present  to  us.  Th^re  is  nothing  more  won- 
derful in  the  foct,  that  a  cell  should  produce  the  rudiments  or 
germs  of  new  cells,  in  its  interior,  than  that  it  should  develope 
additional  cells  which  are  to  form  parts  of  its  own  structure,  (as 
in  the  Yeast-plant,  §.  56j  and  higher  plants  in  general,)  firom  its 
outside.  Each  may  be  regarded  as  a  Law  of  Nature ; — which  is 
only  saying,  that  it  is  the  mode  in  which  the  Creator  operates. 
Now  we  shall  find  that,  in  higher  plants,  the  essential  part  of 
the  reproductive  process  is  really  the  same — following  the  same 
general  laws;  and  it  is  one  of  the  most  interesting  results  of 
scientific  research,  to  see  that  things  which  affe4xr  widely  dif- 
ferent, may  often  prove  to  be  closely  connected.  We  may  hence 
learn  a  lesson,  too,  which  is  very  useful  in  the  ordinary  concerns 
of  life, — not  to  judge  too  hastily  by  appearanee$.  Nothing 
could  9eem  more  unlike,  than  the  production  of  the  seed  of  some 
Boble  tree,  firom  the  elegant  flower,  with  all  its  complex  apparatus 
of  parts, — and  the  propagation  of  the  humble  kinds  of  vegeta- 
tion we  have  been  considering,  by  the  simple  contrivances  jnst 
described.  And  yet  it  will  be  seen  that,  although  in  the  former 
there  is  much  of  an  addkwnal  character,  subservient  to  particular 
purposes,  yet  the  mode  in  which  the  germ  is  at  first  produced, 
is  eamtially  the  same. 

426.  The  first  stage  of  this  increasing  complexity,  is  seen  in 
the  higher  Sea- weeds ;  in  which,  of  the  large  number  of  cells 
that  the  whole  plant  contains,  only  a  small  part  are  appropriated 
to  this  function.  Sometimes  these  reproductive  cells  are  spread 
over  the  whole  surface  of  their  leaf-like  expansion ;  but  some- 
times they  are  restricted  to  the  extremities  of  the  plant.  In  the 
common  Bladder- wrack  (Fueus  tesiculotuiy  Fig.  13),  which 
abounds  on  most  of  the  sliores  of  Britain,  a  swelling  may  be  seen 
at  the  end  of  each  of  its  divisions,  which  is  distinguished  from 
the  rest  by  its  yellow  c<)lour,  when  the  fructification  which  it 
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oontains  is  mature.  In  this  swelling,  a  number  of  pores  or 
minute  apertures  may  be  distinguished ;  and  if  the  substance  be 
cut  across,  it  will  be  found  that,  beneath  each  of  these  pores, 
there  lies  a  cell  larger  than  the  rest,  and  partly  separated  from  it. 
This  cell,  when  the  fructification  is  ripe,  passes  out  through  the 
pore,  and  soon  after  bursts,  setting  free  the  minute  particles  it 
contains ;  and  these,  like  the  granules  of  the  Red  Snow  or  of 
the  Confervas,  develope  themselves  into  new  cells ;  by  the  multi- 
plication of  which,  a  new  plant  similar  to  the  parent  is  gradually 
reproduced.  Now  this  cell,  thrown  off  from  the  re«t  of  the 
structure,  and  containing  reproductive  particles,  which  it  after- 
wards sets  free,  corresponds  with  what  in  the  higher  Ciyptogainia 
are  called  9pore$,  These  spores  take  the  place  of  $eed$^  in  this 
division  of  the  Vegetable  kingdom.  We  shall  hereafter  (§.  431, 
440,  &c.)  trace  the  differences  in  their  structure. 

427.  The  processes  of  Reproduction  in  the  lAchau  and 
Fungi^  appear  to  be  as  simple  as  those  just  described.  Cells  are 
seen  in  certain  parts  of  the  structure,  which  differ  from  those 
composing  its  own  tissue,  and  which  are  destined  to  be  cast  forth 
from  it,  when  the  reproductive  particles  it  contains  are  mature. 
The  immense  number  of  these  reproductive  cells  or  spores,  which 
are  contamed  in  the  different  plants  of  the  Fungus  tribe,  has 
been  already  noticed  (§.  50) ;  and  the  various  organs  which  con- 
tain them,  will  be  hereafter  described.  One  of  the  highest  forms 
of  this  group,  is  the  common  Mushroom ;  in  which  there  is  a 
very  distinct  separation  of  the  fructifying,  from  the  nutritive 
system.  The  spores  are  contained  in  a  number  of  little  tubes, 
which  are  arranged  side  by  side  in  the  memtoine  forming  the 
cap  of  the  Mushroom,  and  in  the  thin  plates  (commonly  known 
as  the  g%lU\  which  spread  from  the  centre  on  the  under  side  of 
this ;  whilst  between  this  part  and  the  roots,  is  a  distinct  stem. 
The  whole  energy  of  the  Fungi  seems  directed  towards  the  pro- 
pagation of  their  race ;  and  the  duration  of  life  in  individuals  is 
usually  very  transient.  In  Lichens,  on  the  other  hand,  each  indi- 
vidual frequently  exists  for  many  years,  and  its  powers  of  pro- 
pagation are  much  inferior.  Indeed  some  Lichens  do  not  form 
any  distinct  spores ;  but  multiply  themselves  by  little  bud- like 
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bodtM,  which  tkey  form  in  hollows  of  their  sur&ee.  In  the 
common  Cup-Mots,  for  example,  (which  is  reallj  a  Lichen), 
these  little  bodies  maj  be  seen  in  the  form  of  a  fine  greenish 
powder,  in  the  hdlows  of  the  cups;  and  from  these,  when  they 
are  remoTod  from  the  parent  plant,  new  individuals  will  spring. 

438.  In  the  lAverworU  we  find  a  similar  provisiony  as  already 
noticed  (§.  32) ;  but  here  there  is  a  distinct  set  of  organs  of 
fructification  raised  abore  the  general  levd  of  the  plant,  as  shown 
in  Fig.  5.  The  little  bodies,  forming  as  it  were  the  spokes  of  the 
wheel,  aie  cases  containing  spores  or  reproductive  cells;  and 
these  are  scattered,  when  mature,  by  a  set  of  elastic  spiral  fila- 
ments which  lie  among  them.  When  it  begins  to  develope 
itself  the  spore  does  not  altogether  burst  and  emit  the  granules 
it  contains,  as  in  the  Algas ;  but  its  outer  coat  only  ruptures,  and 
a  long  tube  projects  from  its  intaior,  within  which  new  cells  are 
seen  to  grow,  taking  their  origin  from  the  granules  or  minute 
germs,  which  the  spore  contained.  These  ceUs  gradually  increase 
into  a  leafy  expansion,  from  the  lower  part  of  which  root-fibres 
proceed ;  and  this  in  time  acquires  the  appearance  of  the  original 
plant,  and  forms  its  own  organs  of  fructification. 

429.  The  organs  of  fructification  in  the  Moaei  (§.  27)  are 
extremely  beautiful  and  delicately  formed ;  the  provision  for  the 
development  and  dispersion  of  spores,  which  in  themselves 
resemble  those  of  the  Marcbantia,  being  more  complex  than  in 
the  liverworts.  The  little  «rfi#,  mounted  upon  long  stalks, 
which  are  peculiar  to  this  group  (§.  27),  are  furnished  with  lids, 
that  drop  off  when  the  spores  within  them  are  mature ;  these 
spores  having  been  developed  around  a  central  pillar  termed  the 
columella.  Around  the  mouth  of  the  urn  is  a  very  beautiful 
fringe,  termed  the  peristome;  the  various  forms  of  which  aid  the 
Botanist  in  distinguishing  the  genera  and  species  of  Mosses.  This 
fringe  is  much  infloenced  by  moisture ;  and  its  movements  pro- 
bably aid  in  the  dispersion  of  the  spores.  The  subsequent 
changes  which  take  place  in  the  i^re  nearly  correspond  with 
those  described  in  the  last  section ;  the  principal  difference  being, 
that  s  number  of  tubes  are  put  forth  inst^  of  a  single  one. 
Each  of  these  tubeacan  be  perceived  to  contain  some  of  the  little 
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granules,  which  the  cell  prodncee  within  it ;  «nd  every  one  of 
tiieee  is  capable  of  itself  forming  a  perfect  plant ;  as  has  been 
ascertained,  by  cutting  the  tubes  into  seyeral  pieces.  In  general, 
however,  all  Uiese  go  to  form  one  young  Moss, — the  cells  which 
they  produce  unitung  together  at  an  early  period ;  and  thus  the 
process  is  rendered  much  shorter,  than  if  the  whole  plant  had  to 
be  developed  from  a  single  cell. 

430.  In  the  F$mi^  again,  we  meet  with  another  form  of  the 
same  process.  The  spore-cases  are  here  developed  on  the  backsi 
or  at  the  edges  of  the  leaves,  and  difier  in  form  from  those  of 
the  Mosses ;  but  the  spores  which  they  contain,  could  not  be 
distinguished  from  theurs.  The  tkeem  or  spore-cases  are  usually 
nearly  globular  bodies,  attached  to  the  leaf  by  short  stalks,  as 
seen  at  by  Fig.  79.  Although  they  are  singly  almost  too  minute 
to  be  distinguished  by  the  unasdsted  eye,  a  number  of  them 
clustered   together  form  the  spots   or    ridges   on    the  under 

side  of  the  leaves,  which  are 
termed  9ar%;  these  are  shown 
at  a.  Each  theca  is  sur^ 
rounded  by  an  elastic  ring, 
which  has  a  tendency  to 
straighten  itself;  and  when 
^"*^'"  the  spores  are  maturei,  the 

theca  splits  across,  and  the  two  halves  are  separated  by  the 
straightening  of  this  ring  (as  seen  at  c),  so  as  to  allow  the  spores 
to  escape.  If  a  Fern-leaf,  whose  fructification  has  come  to 
maturity  (as  may  be  known  by  the  brownish  tinge  of  th^  yellow 
or  orange  spots  or  ridges  on  its  leaves),  be  placed  with  its  under- 
side upon  a  piece  of  white  paper,  this  will  be  found  in  a  day  or 
two  covered  with  a  very  fine  brown  dust.  These  are  the  spcnres 
which  are  scattered  by  the  bursting  of  their  cases.  The  prooeas 
of  development  of  these  spores  presents  several  points  of  interest. 
In  its  first  stages  it  closely  resembles  that  of  the  Marchantia. 
The  outer  coat  of  the  spore  ruptures,  and  the  inner  one  projects 
into  a  long  tube;  within  which,  as  well  as  within  the  original 
cavity,  new  cells  are  formed  from  the  germs  included  within  it. 
The  first  tendency  of  these  newly-formed  cells  is  to  grow  together. 
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mod  to  increase  into  a  leaf-like  expansion,  very  mnch  resembling 
that  of  the  Marohantia.  In  the  middle  of  this  (which  has 
received  the  name  of  primary  frond),  a  knot  or  protuberance 
gradually  makes  its  appearance;  and  this  b  afterwards  pro- 
longed above  into  a  sort  of  stem,  and  below  into  a  root.  From 
this  stem,  the  true  leaves  or  fronds  are  afterwards  developed, 
unrolling  themselves  after  the  manner  formerly  described  (§.  25); 
and,  when  these  make  their  appearance,  the  primary  frond 
decays  away,  leaving  no  traces  of  its  existence.  In  this  very 
curious  process,  we  see  that  the  Fern  passes,  as  it  were,  through 
the  stage  which  is  permanent  in  the  Marchantia ;  but  that  when 
it  attains  a  higher  form,  the  organ,  which  was  only  for  a  time 
subservient  to  its  existence,  decays  away. 

43 1 .  Many  instances  of  a  similar  kind  present  themselves  in 
the  Animal  kingdom.  Thus  the  Frog  comes  forth  from  the  egg 
in  a  state  resembling  that  of  a  Fish, — ^breathing  by  gills  instead 
of  by  lungs,  possessing  a  long  tail  by  which  it  moves  itself  in 
the  water,  and  destitute  of  legs.  Subsequently  legs  are  produced, 
which  render  its  tail  unnecessary;  and  lungs  are  developed, 
which  perform  its  respiration  more  effectually  than  gills ;  and 
the  first  two  sets  of  organs,  though  they  permanently  exist  in 
Fishes,  disappear  in  the  Frogs,  as  soon  as  they  have  served  their 
temporary  purpose.  Corresponding  changes,  hardly  less  striking 
than  this,  take  place  during  the  development  of  every  one  of  the 
higher  Animals ;  and  in  every  instance  we  see  that,  when  a 
higher  form  is  attained,  the  parts  which  had  their  uses  in  an 
inferior  condition  of  existence,  are  cast  off  as  cumbrous  and 
nnneoessary.  How  beautifully  does  this  principle  apply  to  the 
history  of  the  development  of  the  Human  soul !  At  first  it  is 
entirely  dependent  for  its  activity,  on  the  impressions  which  it 
receives  through  the  bodily  frame,  with  which  it  is  connected. 
The  calls  of  hunger,  the  presence  of  unaccustomed  objects,  strong 
impressions  upon  its  senses,  first  excite  its  attention ;  and  all  its 
subsequent  acquisition  of  knowledge,  depends  upon  similar  in- 
fluences. Perfect  in  their  kind  as  are  the  organs  of  sensation,  by 
which  these  impressions  are  communicated,  there  are  still  bounds 
to  their  operation.  All  that  their  highest  exercise,  with  the  aids 
derived  from  the  most  refined  ingenuity,  can  effect  in  this  life, 
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senres  but  to  give  to  the  philosophio  mind  a  gUmpae  of  the  woo- 
den of  Creation ;  and  there  can  scaroelj  be  to  suoh  a  mind  a 
more  powerful  natural*  argument  in  &Tonr  of  a  fiitnie  state^ 
than  that  which  rests  upon  the  vast  amount  of  knowledge,  of 
which  the  sources  are  presented  to  Man,  and  the  insatiable 
desire  for  it  which  he  possesses,  compared  with  his  yerj  limited 
power  of  satii^ying  that  desire,  within  the  short  duration  of  an 
ordinary  life.  All  analogy,  then,  leads  to  the  oonolusion,  that 
with  the  mortal  body,  the  soul  shall  cast  away  those  instruments, 
which  are  adapted  only  to  the  present  material  finite  state  of 
existence,  and  shall  be  endowed  with  more  direct  means  of 
becoming  acquainted  with  those  glorious  truths,  which  hen  it 
only  sees  ^^  as  through  a  glass,  darkly." 

432.  To  return  from  this  digression.— -In  reriewing  the  pro- 
cesses of  Reproduction  in  Cryptogamia,  we  peroeiye  that  they 
are  erery  where  essentially  the  same.  The  spore,  or  reprodnc- 
ti^e  cell,  contains  a  number  of  granules,  each  of  which  is  capable 
of  producing  a  new  oell,  at  the  expense  of  the  fluid  which  its 
parent  contains ;  and  these  new  cdls  are  able,  either  together  or 
separately,  to  deyelope  theraseWes  into  plants  similar  to  their 
parents,  without  any  other  influences,  than  those  which  they 
receive  from  the  light,  air,  and  moisture,  which  surround  them. 
In  the  lowest  cryptogamia,  we  haye  seen  that  these  granules  are 
thrown  at  once,  as  it  were,  upon  their  own  resources ;  being  set 
free  by  the  parent-cell  before  their  development  into  new  odls 
has  commenced.  But  in  the  higher,  we  have  observed  that  they 
remain  within  the  parent  oelL»  which  seems  to  elaborate  or  pre- 
pare their  nourishment.  Now  we  shall  find  that  the  real  essen- 
tial difference  between  the  Phanerogamic  and  the  Cryptogamic 
(the  flowering  and  the  flowerless)  plant,  consists  in  this, — that 
the  former  possesses  a  series  of  organs  fitted  to  receive  and  che- 
rish the  germ,  and  to  assist  in  its  eariy  development,  of  which 
the  latter  is  destitute ;  and  that  the  presence  or  absence  of  those 
parts,  which  are  ordinarily  known  as  constituting  the  flower,  is 
of  no  primary  importance.  These  parts  are  often  absent,  with- 
out the  process  of  Reproduction  being  thereby  affiwted ;  and,  on 

*  By  this  ii  meant  an  argument  drawn  from  the  Natural  World,  as  distinct 
fiom  the  Revealed  Word  of  God. 
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the  oth^  band,  there  are  many  flowers,  which  appear  perfect 
i6  the  uninstnicted  eye,  bat  which  are  totally  destitute  of 
fertility. 

433.  The  parts  of  a  flower  essentially  concerned  in  the  repro- 
dnotiTe  process  are  the  itamem  and  pigtiL  The  stamens  are 
little  bodies,  having  yellow  heads  mounted  on  long  stalks,  which 
are  seen  ar<mnd  but  not  in  the  centre  of  the  flower.  These 
stalks  are  eaSijd^  JUamenU ;  whilst  the  heads  aie  called  the 
(jmthert.  Each  head  is  usually  seen  to  be  more  or  less  com- 
pletely diyided  into  two  parts,  which  are  termed  anther-lobes. 
These  are  commonly  united 
together;  as  in  f%.  80,  a, 
ft,  Cy  d;  but  sometimes  they 
are  separated,  as  at 
occaaionaUy    only    a   single     p,^8o.~D.rr««T«,mM.or  «am««:  a, 

lobe     is    present,     as    at    /.    Uy;  »,  lemu;  e,  potato;  d,  berberry;  «. 

Within  the  anthers  are  pro-  «*^'-^'«^ 
dnced  a  number  of  minute  yellow  bodies,  usually  of  a  globular 
form,  which  together  constitute  the  flne  dust,  known  as  the 
pollen  ot  forma  of  the  flower.  Each  grain  of  pollen,  when  exa- 
mined with  the  microscope,  is  seen  to  consist  of  a  cell,  exactly 
analogous  to  that  which  constitutes  a  spore.  It  has  two  or  more 
coats,  which  enclose  a  fluid;  and  in  this,  a  large  number  of 
extremely  minute  granules  may  be  seen  with  a  good  microscope. 
These  granules  are  probably  the  germs  of  new  cells ;  being  ana- 
logous to  those  whidi  are  srat  forth  from  the  Bed  Snow,  the 
Confervse,  and  the  Yeast  Fungi«  They  may  be  seen  to  move 
within  the  parent  cell,  or  pollen-grain,  previously  to  the  time 
when  its  walls  become  too  thick  to  allow  of  their  being  observed 
through  them ;  and,  when  the  contents  of  the  pollen-grain  are 
mixed  with  water,  they  are  seen  to  be  constantly  performing  a 
sort  <^  vibratory  motion.  The  anthers,  or  receptacles  of  pollen, 
which  evidently  correspond  with  the  capsules  or  spore-cases  of 
the  Crjrptogamia,  burst  when  their  contents  are  mature,  and 
scatter  the  grains  forth.  They  have  various  ways  of  opening ; 
sometimes  they  split  along  their  lengtii  as  at  a,  Fig.  80 ;  some- 
times transversely,  as  at  6 ;  sometimes  by  little  openings  at  their 
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extremity,  termed  por€$y  as  at  c;  and  sometimes  by  taltm^  as 
at  d.  These  different  methods  are  charaoteristic  of  diffnreni 
tribes  of  Flowering  plants. 

434.  Now  the  portion  of  the  reprodnctive  system  in  the 
Phanerogamia,  to  which  nothing  analogous  exists  in  the  lower 
tribes,  is  that  which  is  denominated  the  owuium  or  seed-yeesel ; 
this  occupies  the  centre  of  the  flower,  being  sometimes  ntnated 
above,  and  sometimes  apparently  below,  the  point  at  which  the 
leafy  parts  of  the  flower  arise  from  the  axis  whidi  bears  them. 
This  ovarium  is  the  part,  in  which  are  formed  the  w^la  or 
young  seeds;  and  these,  after  being  fertilised  in  the  manntf 
presently  to  be  described,  ripen  into  the  perfect  seeds.  Some- 
times it  consists  of  several  evident  divisions ;  in  other  instances, 
these  are  united  together,  more  or  less  closely ;  and  all  mark  of  a 
division  may  even  disappear.  The  ad- 
joining figure  represents  the  centre  of 
a  flower,  in  which  the  several  parts  of 
the  ovarium  remain  separated ;  three 
only  are  seen,  the  others  being  con- 
cealed by  them.  These  separate  parts 
are  termed  earpeU.  Each  carpel  is 
surmounted  by  a  sort  of  pillar,  termed 
the  ityle;  which  usually  expands  at 
its  summit,  into  a  fleshy  surfiE^e  called 
the  Higma.  When  the  carpels  adhere 
closely  together,  their  styles  also  fre- 
quently unite,  BO  as  to  form  a  single 
pillar ;  which  sometimes,  however,  di- 
vides again  into  several  branches  at  the 
top.  The  ovarium,  with  its  style  and 
stigma,  is  then  called  the  piM;  and  sometimes  each  separate 
carpel,  with  its  own  style  and  stigma,  receives  the  same  appel- 
lation. An  excellent  illustration  of  an  ovarium  consisting  of 
many  carpels,  appearing  externally  single,  but  each  really  sepa- 
rate frt>m  the  rest,  is  the  Orange ;  the  juicy  part  of  which  fruit 
is  the  ovarium,  composed  of  a  number  of  carpeb  adhering  to- 
gether, but  not  so  closely  united  as  to  prevent  their  being  torn 


Fio.  Bl—- Prnri.  or  coriama 
MYRTirouA,  Bhowinf  distinct 
carpels  and  itjks. 
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apart  The  position  of  the  pipe  or  seeds  of  tiie  Orange,  will  give 

a  good  idea  of  the  manner  in  which  they  are  nsuidly  situated 

within  the  carpels,  especially  when  they  are  few  in  number. 

Sometimes,  however,  they  are  attached  to  the 

whole  length  of  the  carpel,  from  one  end  to 

the  other,  as  is  seen  in  the  common  Pea,  of 

which  each  pod  is  a  separate  carpel.     The 

portion  of  the  carpel  frt>m  which  the  ovules 

arise,  is  usually  thick  and  fleshy,  and  is 

termed  the  placenta.     The   section  of  the 

pistil  of  the    Whortleberfyy  (Fig.  82)  will 

give  an   idea  of  the  arrangement   of  the 

parts  in    an  ovarium,  whose  carpels  and 

styles  have  united.    The  ovarium  a,  of  this 

flower  is  vnrapped  over  by  the  leafy  portion 

of  the  flower  itself ;  which  is  seen  to  rise 

beyond  it  at  h.    The  centre  of  the  ovarium 

is  occupied    by  a   thick   fleshy  placenta, 

formed  by  the  union  of  that  of  the  several 

carpels;    and    on    this    the     ovules    are 

clustered.     Above  is  seen  the  signal  style    Pio.  ss—pibtil  of  vac- 

with  its  stiema.     Another  variety  of  the  ?"'""  ^"""^  •  "»  "'^ 

_  .     _     °  .      ,  ^  rium ;   6,  calyx ;  d,  pi*. 

same  kmd  of  structure,  is  shown  in  Fig. 83 ;  oenta ;  e,  ovules;/,  piaui; 

here  the  ovariimi,    h,  is  in  like  manner  *°'*^'*"*^'°*" 

enveloped  by  the  outer  part 
of  the  flower,  a  ;  and  the  par- 
titions between  the  carpels 
have  entirely  disappeared,  so 
that  the  only  one  central  pillar 
is  left,  around  which  the 
ovules  are  clustered.  There 
is  another  common  form  of 
the  ovarium,  of  which  that 
of  the  Pansy  or  Heartsease, 
Fig.   84,    may   be   taken    as 

an  example:  in  this,  the  partitions  have  disappeared;  but  the 

placenta  of  the  several  carpels,  instead  of  remaining  clustered 


Fio.  83.-.OVARIUM  or  Thamnba  um- 
noRA ;  a,  oalyz  ;  bt  OTBiimn ;  c.diA;  d, 
oimlea. 
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togeiher,  are  attached  separately  to  the  walls  of  the  OTariom 
as  at  a. 

435.  These  two  sets  of  organs  are 
by  no  means  constantly  united,   how- 

eyer,  in  the  same  flower.    The  Hanm-        

n^(nroui  or  stamen-bearing  flowers,  are 
frequently  distinct  from  those  which  are 
piitilli/erout  or  bear  pistils.  When  they 
occnron  some  other  part  of  the  same  Ft«.«4-OTAwirMorViau4 
plant,  it  is  said  to  be  fmmmciomt  (single- 
housed)  ;  if  on  a  different  plant,  it  is  dimeiom  (or  double-lioused). 
Sometimes  the  same  collection  oi  flowers  contains  some  perfect 
ones,  with  others  staminiferous,  and  others  pisdlliferons  only. 
There  is  reason  to  believe  that,  when  either  set  of  organs  is  not 
developed,  the  rudiments  of  it  really  exist ;  for  these  parts  are 
fr^uently  made  to  appear  by  cultivation. 

436.  If  the  ovarium  be  cut  into,  previously  to  the  opening  of 
the  flower,  it  will  usually  be  found  to  contain  a  great  number  of 
the  ovules  or  young  seeds.  These  are  at  that  period  quite  soft ; 
and  their  interior  is  filled  up  with  a  kind  of  pulp,  which  is 
enclosed  in  two  or  more  envelopes.  These  seed-coats  do  not 
entirely  cover  the  central  envelope,  but  leave  a  small  opening, 
which  is  called  ^efiramen.  This  opening  may  be  easily  detected 
in  the  perfect  seed  (although  it  has  there  neariy  dosed  up),  by 
soaking  it  in  water,  and  then  pressing  out  the  fluid  that  has  been 
absorbed,  which  will  be  seen  to  issue  from  this  Uttle  orifice.  The 
foramen,  as  will  presently  appear,  has  a  very  important  puipose 
in  the  fertilization  of  the  seed;  which,  at  tiie  period  now 
described,  contains  no  trace  of  the  germ  of  the  new  plant. 

437.  This  germ  appears  to  be  conveyed  into  it  from  the 
pollen,  in  the  following  curious  manner.  The  little  grains  or 
cells,  when  set  free  from  the  anthers,  fall  upon  the  stigma  of  the 
pistil.  In  general  the  anthers  are  situated  above  the  stigma, — 
the  stamens  being  longer  than  the  pistil  in  flowers  that  are  erect 
or  upright,  and  shorter  in  those  which  hang  down ;  but  some- 
times a  special  provision  is  necessary,  for  the  oonveyance  of  the 
pollen  to  the  stigma,  especially  in  monoecious  or  dioecious  plants. 
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This  fonctioD  is  often  aooomplished  hj  Insects ;  which,  in  going 
from  flower  to  flower  in  search  of  honey,  cover  oyer  their  hodies 
with  pollen-dust,  and  mb  them  accidentally  against  the  pistils  of 
other  flowers.  When  the  pollen  falls  on  the  stigma,  it  is  caused 
to  adhere  to  it  by  a  honey-like  secretion  from  its  surfiMO ;  and 
after  a  short  time,  it  undergoes  a  remarkable  change,  which 
closely  resembles  that  already  described  in  the  spore  of  the 
Cryptogamia. 

438.  The  outer  coat  of  the  pollen-cell  appears  to  burst  at 
one  or  two  points,  and  to  aUow  the  inner  coat  to  pass  out  through 
it  in  tiie  form  oi  a  tube.  This  tube  insinuates  itself  between 
the  cells  of  the  stigma,  and  passes  down  between  the  long  and 
looeely-anranged  ceUs  of  the  style.     It  gradually  extends,  until 


Flo.  8&— FoixBir-aiAiir,  or  CEiro- 
nrsiiA  Bismcis,  Hending  its  tubes 
a,  a,  between  the  oella,  b,  of  the 


it  reaches  the  ovarium  itself,  even 
when  the  style  is  several  inches 
long.  The  poUen-grains  are  not 
always  globular,  but  are  some- 
times triangular,  and  emit  a  pol- 
len-tube at  each  comer,  as  in 
Fig.  86 ;  such  are  analogous  to 
the  spores  of  Mosses,  which  put 
forth  several  tubes.  The  tubes,  when  they  arrive  at  the  ovarium, 
direct  themselves  towards  its  different  chambers,  and  have  been 
seen  to  enter  the  apertures  in  the  several  ovules ;  which  are  at 
that  time  directed  towards  the  part  of  the  base  of  the  style,  from 


Fio.  8(L— SacnoN  w  trb 
jw  or  THB  trrrhB  or  Snap- 
oiuooir;  showing  the  pee- 
aege  of  the  poUn-tabee 
I  its  cells. 
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wfaidi  the  pollen-tabes  project  themselTeB.  Sometimee  a  coosi 
derable  change  in  the  position  of  the  omle  is  neoeesary,  in  order 
thai  the  foramen  ahonld  be  implied  to  the  right  portion  of  the 
wall  of  the  OTary ;  but  this  change  always  takes  place,  just  as 
the  pollen-tabes  are  passing  down  the  style.  The  grannies  which 
the  poUen-grain  originaUy  contained,  are  seen  to  pass  down  the 
tabe ;  and  some  of  them  are  conrejred  by  it,  into  each  omle. 
Whilst  yet  within  the  tabe,  they  are  seen  to  deyelope  themselves 
into  new  cells ;  and  these  cells  form  the  rodiment  of  the  fdtore 
plant. 

439.  The  germs  are  thns  conyeyed  into  a  sort  of  receptacle, 
where  they  are  supplied  with  noarishment,  that  has  been  pre- 
▼ioosly  prepared  and  stored  up  for  their  use  by  the  parent 
structure;  and  they  are  thus  greatly  assisted  in  their  early 
development.  The  pulpy  matter  contained  in  the  ovules,  con- 
sists of  starch  and  sugar;  and  these  nntritious  substances  are 
absorbed  by  the  cells  of  the  embryo,  which  increase  at  their 
expense.  The  first  increase  of  these  cells  does  not  so  much  tend, 
however,  to  form  those  parts  which  are  afterwards  to  be  developed 
into  the  stem,  root,  and  leaves ;  as  to  produce  those  temporary 
structures,  termed  catyUdam  or  seed-leaves  (§.  21),  which  are 
destined,  like  the  primary  frond  of  the  Ferns,  to  assist  for  a  time 
in  the  development  of  the  permanent  structure,  and  then  to 
wither  and  decay.  Hence,  at  the  time  of  the  ripening  of  the 
seed,  the  cotyledon  (which  is  sometimes  double,  sometimes  single 
■  SCO  §.  440— -2)  forms  the  greatest  part  of  the  embryo  or  young 
plant.  Besides  this,  the  seed  contains  a  considerable  quantity  of 
starch,  destined  for  the  nourishment  of  the  young  plant,  when  it 
b  beginning  to  sprout,  and  whilst  yet  unable  to  take  in  food  (or 
itself.  This  starch  is  sometimes  absorbed  into  the  tissue  of  the 
eotyledons,  rendering  them  thick  and  fleshy,  as  in  the  Pea  or 
Bean ;  and  then  these,  with  the  small  germ  to  which  they  belong, 
form  the  entire  contents  of  the  seed.  In  other  instances,  how- 
ever, the  cotyledons  are  thin  leafy  organs,  and  occupy,  with  the 
germ,  but  a  small  part  of  the  seed ;  the  remainder  then  consists 
of  a  separate  store,  which  closely  resembles  the  yolk-bag  of  the 
egg,  and  is  teimed  the  albumen.    This  is  the  case  in  the  seeds 
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of  all  MonoootyledonoQS  plants ;  and  also  in  some  Dicotyledons, 
m  the  Ash  and  Horse-chesnnt. 

440.  The  struotnre  of  the  seed. of 
the  two  principal  divisions  of  the 
Phanerogamia,  is  shown  in  the  adjoining 
figures.  In  Fig.  87,  is  seen  that  of  the 
Bean,  a  DiootyUdony  after  the  seed- 
coats  have  heen  stripped  off,  and  the 
cotyledons  separated.  The  two  large 
fleshy  lobes,  a,  a,  are  the  cotyledons, 
into  which  the  whole  of  the  starch, 
orifliBally  contained  in  the  OFule,  has  ^?*!.*'f  <»tyiedoiis ;  a,  a,  wpa- 

-        ,     5        x^  rated ;  o»  germ. 

been  absorbed.     Between  these  is  the 

real  germ  ;  the  upper  extremity  of  which,  termed  the  plumvda^ 
subsequently  developes  itself  into  the  stem,  and  puts  forth  leaves ; 
whilst  the  lower  part,  which  is  always 
directed  towards  the  foramen,  becomes  the 
root.  The  plumula  sometimes  presents  the 
appearance  of  the  plant  in  miniature;  its 
leaves  and  buds  being  quite  discernible, 
though  on  a  very  small  scale.  The  subsequent 
development  of  the  germ  contained  in  the 
seed  into  the  perfect  plant,  is  that  which 
in  its  early  stage  is  known  as  germination. 
Of  the  causes  which  excite  it,  we  shall 
presently  speak.  When  a  seed  like  that  of 
the  Bean  begins  to  germinate,  it  first  swells 
and  bursts  its  seed-coats ;  the  plumula  then 
extends  upwards,  bringing  the  cotyledons 
just  above  the  surface  of  the  ground ;  whilst 
the  radicle  penetrates  it  in  the  opposite  direc- 
tion. In  some  plants,  however,  the  cotyledons 
remain  underground,  as  in  the  Oak;  and 
GBRMivATioir  OF  Dloo-  thcro  are  a  few,  in  which  they  are  entirely 

TTLKDOKOC8     SbkD  ;      C,        ,  rm  t     i  i  ■• 

phimuiA;    »,   radicle;  absent.     The  cotyledons,  when  exposed  to 
€.e.  cotyledon*  ^^  |jg|j^^  beoome  green,  and  perform  for  a 

time  (though  imperfectly)  the  functions  of  leaves  ;  at  the  same 
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time,  yielding  to  the  young  plant  the  nounahment  they  contain. 
By  the  time  this  is  exhausted,  the  true  leayes  and  roots  are  suffi- 
ciently developed,  for  the  support  of  the  structure;  and  the  coty- 
ledons, heingthen  no  longer  required,  decay  away.  Thus  it  is  seen 
that,  in  all  the  essential  points,  the  history  of  the  young  Phanero- 
gamic plant  corresponds  exactly  with  that  of  the  young  Fern ; — 
Uie  chief  difference  consisting  in  this ; — ^that  the  deyelopment  of 
the  former,  up  to  the  time  when  its  cotyledon  or  primary  frond 
ceased  to  support  it,  is  assisted  by  the  nourishment  prepared  for 
it  by  the  parent ;  whilst  the  latter  has  no  such  assistance,  but 
obtains  its  nourishment  from  the  surrounding  air  and  moisture. 

441.  The  adjoining  repre- 
sentation of  the  seed  of  the 
Marvel  of  Peru,  afiords  an 
example  of  a  dicotyledonous 
seed,  possessing  leafy  cotyle- 
dons, and  a  separate  albumen ; 
in  these,  the  process  of  germi- 
nation is  the  same,  except  that 
the  cotyledons  only  perform 
the  functions  of  temporary 
leaves, — the  nutritious  part  of  the  seed  being  retained  within  its 
coats,  until  it  is  exhausted  by  the  young  plant. 

442.  In  the  seeds  of  the 
MonoootyUdom^  the  structure 
of  which  is  illustrated  by  the 
aocompanjring  figure  of  that 
of  the  Onion  or  Lily,  the 
albumen  is  always  separate ; 
and  the  embryo,  which  occu- 
pies but  a  small  proportion  of 
the  whole  mass,  cannot  always 
be  readily  distinguished  in  the 
midst  of  it,  until  germination  commences.  The  cotyledon  at 
first  completely  sheathes  the  plumula,  which  afterwards  pierces 
it,  and  unrolls  its  first  true  lea^. 

443.  Now  it  is  an  interesting  fact,  that  the  division  of  the 


Pra.  89.— Sbbo  or  trb  Maatcl  or  Psru. 


Fig.  90l— Sbctions  op  Sbbd  op  Oniok. 
a,  a,  albumen  ;  6,  6,  embryo. 
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Phaaerogunia  founded  upon  the  structore  of  the  seed,  exactly 
eorreBpondfl  with  that  formed  according  to  the  stmctore  of  the 
stem  ; — that  is,  all  Exogens  are  Diootyledonons  (with  only  a  few 
apparent  exceptions) ;  and  all  Endogens  are  Monocotyledonous. 
MoreoTer,  all  the  Acrogens,  which  haye  no  regolar  method  of 
adding  to  the  diameter  of  their  stem,  are  destitute  of  the  power 
of  forming  true  seeds ;  the  germs  being,  as  it  wa«,  at  once  cast 
upon  the  world,  instead  of  being  reared  and  cherished  by  parental 
care.  It  has  formeriy  been  pointed  out,  that  Exogens,  Endo- 
gens, and  Acrogens,  difier  also  in  the  distribution  of  the  veins  in 
thdr  leayes  ($.  22d — 32) ;  and  it  may  hone  be  mentioned,  that 
they  differ  also  in  the  number  of  parts  of  which  the  flower  is 
usually  composed.  Thus,  in  Exogens,  the  regular  number  of 
stamens  is  either /otir  or^M,  or  a  multiple  of  one  of  these  num- 
bers ;  and  that  of  the  carpels  is  similar :  whilst  in  Endogens, 
the  number  of  the  same  parts  is  three;  or  a  multiple  of  it.  The 
number  of  the  external  or  leafy  parts  of  the  flower  follows  the 
same  laws,  as  will  be  hereafter  explained. 

444.  The  conditions  requisite  for  the  germination  of  the 
seed,  are  warmth,  moisture,  and  the  presence  of  oxygen.  The 
process  is  also  favoured  by  darkness.  The  influence  of  each 
of  these  agents  will  be  readily  understood.  No  vital  action  can 
go  on  without  a  certain  amount  of  heat;  and,  where  this  is  not 
produced  within  the  being,  it  must  be  derived  from  without. 
The  germination  of  the  seed  is  as  much  dependent  upon  warmth, 
therefore,  as  the  hatching  of  the  egg  of  a  bird ;  though  the 
amount  it  requires  is  not  nearly  so  great.  Moisture  is  also  evi- 
dently required,  for  the  conversion,  into  a  fluid  state,  of  the  dry 
nutriment,  which  has  been  previously  stored  up  in  the  seed ; 
and  no  change  can  commence,  until  this  be  supplied.  The  pre- 
sence of  owygen  is  necessary,  because  the  conversion  of  starch 
into  sugar  requires  (as  formerly  stated,  §.  283)  that  some  of  the 
carbon  of  the  former  should  be  set  free ;  and  this  can  only  be 
accomplished,  by  the  union  of  it  with  oxygen,  so  as  to  form  car- 
bonic acid.  This  process  is  favoured  by  darkness,  because  light 
has  a  tendency  to  produce  the  contrary  change — \ki^fixcaifm  of 
the  carbon  within  the  structure  (§.  286). 
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445.  It  18  interesting  to  observe  how  all  these  conditions  are 
supplied,  in  the  ordinary  coarse  of  Nature,  by  the  soil  in  which 
the  seed  is  dropped.  If  it  be  sown  during  the  spring  or  summer, 
it  speedily  begins  to  germinate ;  but  if  it  is  deposited  in  the 
autumn,  it  remains  almost  unchanged,  until  the  winter  has 
passed,  and  the  returning  warmth  of  the  air  and  earth  arouses 
it  into  activity.  It  is  seldom  that  the  soil  is  so  completely 
destitute  of  moisture,  for  any  long  time  together,  as  not  to  be 
able  to  excite  seeds  to  germinate ;  but  their  sprouting  is  well 
known  to  be  &youred  by  damp  weather ;  and  if  seeds,  tiirougfa 
being  put  into  the  ground  during  a  drought,  remain  undeyeloped, 
they  are  brought  forwards  very  rapidly  by  a  genial  shower.  A 
porous  soil  is  to  be  preferred,  on  account  of  the  free  admission  of 
air,  which  it  gives  to  a  germinating  seed ;  as  well  as  for  the 
other  processes  of  vegetation  (§.  178,  9).  A  stiff  clay  soil  pre- 
vents this  necessary  contact;  and  thus  impedes  germination. 
So  complete  a  check,  indeed,  may  be  thus  produced,  that  it  has 
been  proposed  to  bury  seeds  in  clay  rammed  hard,  when  it  is 
desired  to  convey  them  from  one  part  of  the  world  to  another, 
through  very  hot  climates;  the  high  temperature  of  which 
might  destroy  their  vitality,  if  its  influence  were  not  parUy  pre- 
vented, by  the  bad-conducting  power  of  the  mass,  in  which  they 
are  tlius  enclosed.  If  seeds  be  buried  very  deep,  even  in  a  light 
soil,  the  contact  of  oxygen  will  be  sufficiently  impeded  to  pre- 
vent their  germination ;  and  the  bringing  such  seeds  nearer  to 
the  surface,  will  then  have  as  much  influence  in  cauang  them 
to  sprout,  as  the  supply  of  either  of  the  agents  just  mentioned, 
which  might  have  been  previously  deficient. 

446.  The  seeds  of  most  Plants  are  endowed  with  a  remark- 
able power  of  preserving  their  vitality,  for  an  almost  unlimited 
time ;  if  they  are  placed  in  circumstances,  which  neither  call 
their  properties  into  active  exercise,  not  occasion  the  decay  of 
their  structure.  The  conditions  most  favourable  for  this  preser- 
vation, will  evidently  be,  a  low  or  moderate  temperature,  dry- 
ness of  the  surrounding  medium,  and  the  absence  of  oxygen.  If 
all  these  be  supplied  in  the  most  favourable  manner,  there  seems 
no  limit  to  the  period,  during  which  seeds  may  retain  their  vita- 
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Hty, — Ihat  ia,  their  power  of  performiiig  their  yital  operations, 
when  placed  in  the  proper  circnmstances.  And  even  if  moistnre 
or  oxygen  he  not  entirely  ezdnded,  the  same  effect  may  result, 
fHTOTided  that  the  teroperatore  he  low  and  nnifonn.  Thus  the 
seeds  of  most  plants  may  he  kept  for  seyend  years,  freely  ex- 
posed to  the  air ;  provided  they  are  not  exposed  to  dampness, 
which  will  caose  them  either  to  germinate,  or  to  decay.  Some 
of  those,  which  had  heen  kept  in  seed-vessels  of  plants  |»eserved 
in  the  herhariam  of  Tonmefbrt,  a  French  hotanist,  were  fonnd 
to  retain  theur  fertility,  after  the  lapse  of  nearly  a  centnry. 

447.  Instances  are  of  no  unfireqaent  occurrence,  in  which 
ground,  that  has  heen  turned  up,  spontaneously  produces  plants 
different  from  any  in  their  neighhourhood.  There  is  no  douht 
that,  in  some  of  these  cases,  the  seed  is  conveyed  hy  the  wind, 
and  becomes  developed  only  in  spots,  which  affcHrd  it  congenial 
son ;  as  was  Hmnerly  mentioned  in  regard  to  the  spores  of  the 
Fungi  (§.  50).  Thus,  it  is  commonly  ohserved,  that  clover  is 
ready  to  spring  up  on  soils,  which  have  heen  rendered  alkaline 
by  the  strewing  of  wood-ashes,  or  the  burning  of  weeds,  or 
which  have  had  the  surface  broken  and  mixed  with  lime.  But 
there  are  many  authentic  hdty  which  can  only  be  explained  upon 
the  supposition,  that  the  seeds  of  the  newly-appearing  plants 
have  lain  for  a  long  period  imbedded  in  the  soil,  at  such  a  dis- 
tance frt>m  the  surCftce,  as  to  prevent  the  access  of  air  and  mois- 
ture ;  and  that,  retaining  their  vitality  under  these  conditions, 
they  have  been  excited  to  germination  by  exposure  to  the  atmo- 
sphere.   The  following  possesses  considerable  interest. 

448.  To  the  westward  of  Stirling,  there  is  a  large  peat-bog, 
a  great  part  of  which  has  been  flooded  away,  by  raismg  water 
from  the  river  Teith,  and  discharging  it  into  the  Forth  ; — the 
object  of  this  process  being,  to  lay  bare  the  under-soil  of  clay, 
which  is  then  cultivated.  The  clergyman  of  the  parish  was  on 
one  occasion  standing  by,  while  the  workmen  were  forming  a 
ditch  in  this  day,  in  a  part  which  had  been  covered  with  four- 
teen feet  of  peat  earth  ;  observing  some  seeds  in  the  day,  which 
was  thrown  out  of  this  ditch,  he  took  them  up  and  sowed  them ; 
they  germinated,  and  produced  a  spedes  <^  Chrysanthemum. 
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A  Tery  long  period  of  yetn  mnst  have  probably  dapsed,  wbUst 
the  seeds  were  getting  their  covering  of  day ;  and  of  the  time 
necessary  to  prodnoe  14  feet  of  peat-earth  above  this,  it  is  scarcely 
possible  to  form  an  idea ;  but  it  most  have  been  (in  the  natural 
course  of  things)  extremely  great. 

449.  The  following  oircamstance,  which  occnrred  abont  30 
years  ago  in  the  State  of  Maine,  in  North  America,  is,  perhaps^ 
still  more  remarkable.  Some  well-diggers,  when  smking  a  well, 
at  the  distance  of  abont  40  miles  from  the  sea,  struck,  at  the 
depth  of  about  20  feet,  a  layer  of  sand ;  this  strongly  excited 
curiosity  and  interest,  from  the  circumstance  that  no  similar  sand 
was  to  be  found  anywhere  in  the  neighbourhood,  or  anywhere 
nearer  than  the  sea-beach.  As  it  was  drawn  up  from  the  well, 
it  was  placed  in  a  pile  by  itself;  an  unwillingness  having  been 
felt  to  mix  it  with  the  stones  and  gravel,  which  were  also  drawn 
up.  But  when  the  work  was  about  to  be  finished,  and  the  pile 
of  stones  and  gravel  to  be  removed,  it  was  faund  necessary  to 
remove  also  the  sand-heap.  This,  therefore,  was  scattered  about 
the  spot,  on  which  it  had  been  formed ;  and  was  for  some  time 
scarcely  remembered.  In  a  year  or  two,  however,  it  was 
perceived  that  a  great  number  of  small  trees  had  sprung  from 
the  ground,  over  which  the  sand  had  been  strewn.  These  trees 
became,  in  their  turn,  objects  of  strong  interest ;  and  care  was 
taken  that  no  injury  should  come  to  them.  At  length  it  was 
ascertuned  that  they  were  Beach-Plumb  trees ;  and  they  actu- 
ally bore  the  Beach-Plumb,  which  had  never  before  been  seen, 
except  immediately  upon  the  sea-shore.  These  trees  must, 
therefore,  have  sprung  np  from  seeds,  which  had  existed  in  the 
stratum  of  sea-sand  pierced  by  the  well-diggers ;  and,  until  this 
was  dispersed,  in  such  a  manner  as  to  expose  them  to  the  air, 
they  remained  inactive.  "  By  what  convulsion  of  the  elements," 
adds  the  narrator,  *^  they  had  been  thrown  there,  or  how  long 
they  hnd  quietly  slept  beneath  the  surface  of  the  earth,  must  be 
determined  by  those  who  know  very  much  more  than  I  do." 

450.  The  following  is  an  example  of  the  same  general  fact, 
which  is  interesting  from  its  connexion  with  historical  events. 
In  the  year  171^)  during  the  rebellion  in  Scotland,  a  camp  was 
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formed  in  the  King^s  Park  (a  piece  of  ground  bel<Higing  to  the 
cmsUe)  at  Stirling.  Wheieyer  the  ground  was  broken,  broom 
sprtang  np,  although  none  had  ever  been  known  to  grow  there. 
The  plant  was  snbseqoently  destroyed ;  but  in  1 745,  a  similar 
growth  appeared,  after  the  ground  had  been  again  broken  up  for 
a  like  pnrpoee.  Some  time  afterwards,  the  Park  was  pbughed 
np,  and  the  broom  beeame  generally  spread  orer  it  The  same 
thing  happened  in  a  field  in  the  neighbourhood,  from  the  whole 
smrfiftoe  <^  which  about  nine  inches  of  soil  liad  been  removed. 
The  iHToom-seeds  could  not  have  been  conveyed  by  the  wind, 
although  the  plant  is  a  common  one  in  the  neighbourhood, 
because  they  are  heavy  and  without  wings  (§.  471) ;  and  the 
form  of  the  ground  is  such,  that  no  stream  of  water  could  have 
transported  them,  or  have  covered  them  afterwards  with  soil. 
Such  an  effisot  must  have  resulted  from  the  op^ution  of  causes, 
continued  through  a  l<mg  period  of  time. 

451.  Perhaps  the  most  remarkable  instance  on  record,  as 
presenting  satis&otory  proof  of  the  lapse  of  at  least  1600  or 
1700  years,  is  one  related  by  Dr.  lindley.  ^*I  have  now  before 
roe,"  he  saya,  ^*  three  plants  of  Raspberries,  which  have  been 
raised  in  the  gardens  of  the  Horticultural  Society,  from  seeds 
taken  from  the  stomach  of  a  man,  whose  skeleton  was  found  90 
feet  below  the  surftuse  of  the  earth,  at  the  bottom  of  a  barrow,* 
which  was  opened  near  Dorchester.  He  had  been  buried  with 
some  coins  of  the  Emperor  Hadrian."  Corn-grains  enclosed  in 
the  bandages  which  envelope  the  mummies,  are  atad  to  have 
occasionally  germinated,  though  most  of  them  seem  to  have  lost 
their  vitality.  There  is  nothing  improbable  in  the  fact ;  but  as 
the  Arabs,  from  whom  the  mummies  are  commonly  obtained, 
are  in  the  habit  of  previously  unrolling  them  in  search  of  coins, 
&c.,  it  is  not  always  certain  that  the  seeds  which  have  sprouted 
were  really  at  first  enclosed  with  the  mummies. 

*  Thete  benrrowt,  m  tbey  m  termed,  are  large  moundi  of  earth,  which  an 
Tery  eommoa  on  the  downs  along  the  louth  coast  of  England.  They  are  OTidently 
artificial,  not  natural ;  and,  when  dog  into,  are  nsoally  found  to  contain  haman 
remains,  with  pottery ;  weapons,  &c.  Hence  they  are  evidently  hnrial-plaees ; 
and  as  a  laige  numher  of  them  are  generally  fbnnd  together,  they  seem  to  bav« 
been  erected  on  fleMs  of  battle,  to  contain  tho  bodies  of  the  shun. 

02 
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452.  TVlien  a  plant  is  raised  from  seed,  it  will  always  boar 
a  strong  likenen  to  its  parent ;  and  if  the  species  be  one  which 
has  little  tendency  to  variation,  it  will  resemble  it  very  closely. 
But  there  are  many  species,  which  have  a  great  disposition  to 
present  deviations,  from  what  'may  be  considered  their  mginal 
form  (§.  13 — 16);  and  thus,  from  the  seeds  of  the  same  parent, 
it  is  often  possible  to  produce,  by  a  difference  of  treatment,  a 
number  of  plants  differing  oonnderably  frt>m  one  another.  What- 
ever such  differences  may  be,  however,  these  plants  are  all  re- 
garded as  belonging  to  the  same  species,  since  they  are  descended 
from  a  common  stock ;  and  by  such  experiments,  it  may  be 
often  shown  that  plants,  which  have  been  considered  as  distinct 
species,  have  no  real  title  to  be  so  classed  (§.  16). 

453.     It  is  often  possible,  however,  to  produce  seeds  capable 
of  giving  origin  to  plants,  that  shall  combine  the  characters  of 
two  different  races.     This  is  done,  by  placing  the  pollen  of  one 
species  upon  the  stigma  of  another ;  so  that  the  germ,  famished 
by  one,  shall  be  nursed  (as  it  were)  by  the  other.     It  is  not 
difficult  to  understand,  how  the  germ  thus  influenced,  should  be 
subsequently  developed  into  a  form,  difiering  frt>m  that  of  its 
own  parent ;   for  the  germs  of  Cryptogamia,  which  are  not  re- 
ceived into  any  ovule,  but  are  dependent  upon  the  elements 
alone  for  their  support,  are  often  developed  (especially  among 
the  lower  tribes)  into  forms  very  different  from  that  which  they 
would  naturally  present.     Thus  a  Mueor^  a  sort  of  Fungus  con- 
cerned in  the  production  of  roouldiness,  has  been  seen  growing 
in  water,  in  a  form  so  like  that  of  a  Conferva,  that  it  was  only 
recognised  as  a  Fungus,  when  it  lifted  up  its  fructification  above 
the  fluid. 

454.  The  plant  developed  from  a  seed  produced  by  the  agency 
of  two  races,  is  termed  a  hybrid.  It  is  necessary,  in  order  that 
the  seeds  thus  formed  should  be  fertile,  that  the  parent  species 
^ould  be  nearly  allied  to  each  other ;  and  it  is  very  seldom  that 
a  hybrid  can  be  produced,  when  they  do  not  belong  to  the  same 
genus.  Now,  if  the  hybrid  bear  flowers,  and  its  stigma  be  fer- 
tilised with  its  own  poUen,  it  may  produce  seeds  that  can  be 
raised  into  plants  Hke  itself;  and  these  may  flower  and  produce 
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a  third  generatioD  in  likd  manner.  But  there  is  no  instance  in 
which  a  hybrid  race,  which  has  thus  originated  in  the  intermix- 
ture of  two  species  really  distinct,  has  ever  been  continued 
without  intermixture,  beyond  the  fourth  or  fifth  generation.  The 
plant,  when  not  fertile  by  itself^  may  bear  seed,  if  its  stigma  be 
sprinkled  with  the  pollen  of  one  of  its  parent  species ;  and  its 
pollen  may  be  fertile,  when  placed  on  the  stigma  of  either  of 
these.  In  this  manner,  a  race  intermediate  between  the  hybrid 
and  one  of  the  parent  species  is  produced ;  and  this  is  continued 
longer,  just  in  proportion  as  it  is  caused  to  approach  the  pure 
breed,  by  a  successive  intermixture  of  thb  kind.  The  end  of  all 
hybrid  races,  produced  between  species  really  distinct,  appears  to 
be,  therefore,  that— either  the  race  becomes  soon  extinct,  which 
it  will  do  if  kept  separate, — or  it  merges  into  one  of  the  parent 
races,  if  continued  by  intermixture  with  either  of  them.  This 
principle  affords  a  viduable  test  for  determining  what  really  are, 
and  what  are  not,  distinct  species ;  for  if  a  hybrid  race  can  be 
produced  between  them,  which  continues  to  be  fertile  of  itself,  the 
probability  is  strong,  that  they  are  only  varieties.  Cultivators 
of  flowers  are  constantly  in  the  habit  of  producing  such  ne# 
races,  between  the  different  varieties  of  many  plants, — lor 
instance,  the  South  American  Amaryllu  and  the  Calceolaria; 
both  these  species  are  very  much  disposed  to  spontaneous  varia- 
tion; and,  by  selecting  the  most  beautiful  of  the  new  races, 
which  spontaneously  originate  from  their  seeds,  and  causing  these 
to  produce  hybrids,  a  still  larger  amount  of  variety,  both  in  form 
and  colour,  may  be  obtained.  These  hybrids  are  of  equal  fertility 
with  their  parents,  since  the  latter  are  not  separated  by  any 
really  essential  difference. 


455.  Having  now  considered  the  general  structure  and  offices 
of  those  organs  of  Phanerogamia,  which  are  most  interesting  to 
the  Physiologist,  from  their  connection  with  the  important  func- 
tion of  Reproduction,  we  shall  notice  those  parts  of  the  flower 
which  are  less  essential  to  this  object,  but  which  commonly  excite 
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more  interest)  on  aooount  of  the  varied  and  beantifiil  forms  and 
eoloars  they  present ; — ^namely,  its  external  leafy  portion.  This 
may  be  altogether  termed  the  perianthy  or  floral  envelope ;  the 
^uentM  portion  of  the  flower  being,  as  before  explained,  the 
stamens  and  pistil  that  occupy  its  centre,  which  are  sometimes 
destitute  of  any  protection.  The  perianth  may  be  regarded  as 
oonsistmg,  in  its  most  regular  form,  of  two  circles  (arranged  like 
the  whorls  or  verticils  of  leaves)  of  leafy  organs ;  of  which  the 
outer  circle  is  generally  green,  and  the  inner  one  coloured.*  Of 
this  outer  oirde,  the  leaves  or  $gpali  not  unfrequently  grow 
together,  or  adhere,  at  their  edges;  so  that  a  sort  of  cup  is 
formed ;  hence  the  whole  is  term^  the  ealya  (cup).  The  inner 
whori  is  termed  the  corolla^  and  its  divisions  are  called  petaU; 
they  not  unfrequently  grow  together  in  the  same  manner  (as  in 
the  Campanula  or  Harebell)  forming  a  second  cup  within  the 
calyx. 

456.  When  the  Calyx  seems  formed  of  but  one  piece,  in  con- 
sequence of  the  adhesion  of  its  leafy  portions,  it  is  said  to  be 
monotepaUms  (possessing  but  a  single  sepal) ;  and  when  the  petals 
have  united  in  a  similar  manner,  the  corolla  is  said  to  be  mono- 
peUUaut.f  Though  these  terms  are  not  strictly  correct  (since 
there  are  really  as  many  sepals  and  petals  in  the  one  case  as  in 
the  other),  they  are  convenient,  and  are  often  employed  in 
describing  plants. — ^The  term*  gam/fMpdioiuM  and  gamopeUd(m$ 
have  been  introduced  to  designate  these  forms  of  calyx  and 
corolla;  their  ngnification  being,  that  the  sepals  and  petals  are 
united  or  married  at  their  edges. — ^The  real  nature  of  such  a  calyx 
or  corolla  is  shown  by  varieties,  or  monstrosities,  like  that  deli- 
neated in  the  adjoining  figure;  here  the  regular  form  of  a 

*  In  Botanical  language,  the  term  ooUmrtd  alwajt  meant,  that  the  part  it  not 
greeny  green  heing  regarded  at  no  colour  in  Planta.  A  white  flower  it  tpoken  of 
at  eolonred. 

t  It  it  worthy  of  inquiry,  whether  it  would  not  he  more  proper  to  consider  the 
monoaepaiont  calyx  and  the  monopetalont  corolla  (and  even  many  of  thoae  in 
which  the  aepala  and  petalt  are  distinct),  at  contitting  of  to  many  let^/UUy  or  parte 
of  a  tingle  leaf;  in  the  tome  manner  at,  according  to  a  tuggeation  formerly  mad« 
(§.  303,  note),  tome  vertidlt  probahly  contitt  not  of  a  nnmher  of  leaves,  hut  of 
a  tingle  one*  divided  into  leaflets. 
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Fio. 91.— a,  monopetalsfua  corolla; 
Btrous  foim  of  the  same. 


raonopetaloiis  corolla,  (in 
which  the  petals  have  grown 
together  to  form  a  tube,  and 
are  only  separate  at  the  top) 
is  shown  at  a;  whilst  h 
shows  the  separate  condition 
of  the  petals,  which  is  occa- 
sionally seen  as  the  conse- 
quence of  a  want  of  adhesion 
between  their  edges.  Dif- 
ferent kinds  of  flowers,  too,  exhibit  every  variety,  between  the 
completely-separate  and  the  completely-adherent  condition  of  the 
sepals  and  petals ;  and  these  differences  are  often  very  useful,  in 
distinguishing  them  from  each  other. 

457.  Outside  the  calyx,  is  not  unfrequently  to  be  found 
another  whorl  of  leafy  bodies,  more  resembling  in  their  aspe«t 
the  ordinary  leaves  of  the  plant ;  these  are  called  bracts^  and  are 
well  seen  in  the  Strawberry,  where  they  surround  and  alternate 
with  the  sepals  of  the  calyx.  When  no  complete  circle  of  them 
is  seen,  one  or  two  are  often  present,  and  then  they  are  generaUy 
larger.  They  do  not  always  immediately  surround  the  flower,; 
but  are  often  to  be  found  at  the  bottom  of  the  flower-stalk.     In 

Fig.  92  are  shown 
the  Bracts,  as  they 
occur  in  the  Iiime 
and  HeUeboie;  in 
the  former  case  (a) 
we  see  the  base  of 
the  flower -stalk 
sheathed  by  a  single 
leaf,  which  closely 
resembles  the  ordi- 
nary leaf  of  the 
plant;  in  the  latter 
(&),  we  see  the  flower  itself  enclosed  in  similar  leaves.  In  Fig.  93 
the  bracts  of  two  wfnbettiferom*  plants  are  represented ;  these 
*  By  Umbett^etinu  planU  ia  meant  that  tribe,  in  whicfa  the  flower-ttalks 


Fie.  98. 
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commonly  form  a  whorl  of  three  or  more  leaflets,  where  the 
flower-stem  first  divides;   and  other  smaller  whorls  are  seen. 


Fio.  93^Iirvoi,uu»i  or  a  Phlox  akd  Chinbss  Pbuimmb. 

where  the  second  suhdivisioiis  take  place.      Such  whorls  are 
usually  termed  invobierei.    Where  a  single  large  bract  encloses 

the  flower-stalk  and  bud 
before  its  expansion,  this  is 
usually  termed  a  $paths. 
This  is  seen  in  the  Snow- 
drop, Onion,  Narcissus,  &c. 
The  Spathe  is  peculiarly 
large  in  the  Palms,  where 
it  often  has  to  enclose  a  large 
branch  loaded  with  flowers. 
It  is  of  great  size  also  in  the 
Arum,  enclosing  the  central 
pillar  termed  the  tpadix^  on 
which  the  flowers  are  clus- 
tered; in  the  common 
Wake-robin  (or  Lords  and 
^     «.    „  „  .  Ladies)  of  our  hedges,  this 

Fio.  94.— Spathb  or  NABaamm  Ain>  Akvm.  ''  .  «  • 

spathe    IS    green;    but    m 

divide  and  subdivide  in   sucb  a  maiiDcr  as  to  produce  tlie  peculiar  form  termed 
an  umhel^  which  is  ««n  in  the  Hemlock,  Carrot,  Parsley,  &c. 
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some  exotic  species,  culiiTated  in  our  drawing-rooms,  it  is  white, 
and  is  commonly  regarded  as  the  flower.  These  bracts  may  be 
regarded,  as  establishing  the  transition  of  form  and  stmctnre^ 
between  the  common  leaves  of  the  plant,  and  those  modified 
or  metamorphosed  leayes,  which  form  the  perianth.  Sometimes 
tbej  can  scarcely  be  distinguished  from  the  former;  whilst 
in  other  cases,  they  are  brightly  oolonred,  and  more  closely 
resemble  the  latter ;  and,  in  the  Hpdrofngea  and  some  other  plants, 
they  really  constitute  the  most  showy  portion  of  the  flower;  being 
very  large  and  brilliant,  whilst  the  flower  they  enclose  is  so  small, 
as  to  be  almost  oyerlooked.  In  many  instances,  the  bracts  form 
so  gradual  a  transition,  between  the  true  leayes  and  the  parts  of 
the  flower,  that  it  is  yery  difficult  to  say  where  the  former  end 
and  the  latter  begins.  This  is  the  case  in  the  double  Psdony, — 
a  plant  now  yery  common  in  gardens.  Its  lower  leaves  are  very 
complex  in  their  structure,  being  divided  into  a  great  number  of 
segments  (§.  235) ;  in  tracing  them  up  the  stem,  they  are  found 
to  become  simpler  and  simpler  in  their  character  as  they  approach 
the  flower,  and  also  to  diminish  in  size ;  and  at  the  same  time, 
their  spiral  arrangement  round  the  stem  becomes  more  evident, 
the  intervals  between  them  being  diminished.  In  this  manner, 
they  may  be  at  last  traced  into  the  outermost  whorl  of  the  leafy 
parts  composing  the  flower ;  and  it  is  quite  impossible  to  specify 
the  exact  place,  at  which  the  true  leaves  may  be  said  to  end,  or 
the  calyx  to  commence. 

458.  From  this  it  would  appear,  that  there  is  no  meniial 
^£Eerence  between  the  sepals  of  the  calyx  and  regular  leaves ; 
and  examination  of  their  structure  bears  out  the  conclusion.  If 
we  take  an  example  from  a  plant,  in  which  the  sepab  are  distinct 
from  each  other,  and  green,  we  should  find  it  difficult  to  assign 
any  important  characters,  in  which  they  diffisr  from  leaves.  They 
possess  two  layers  of  cuticle,  furnished  with  stomata;  having 
green  cellular  tissue  or  parenchyma  between  them,  supported  by 
veins  consisting  of  woody  fibre  and  vessels.  There  are  many 
cases,  however,  in  which  the  calyx  is  brightly  coloured,  equalling 
the  corolla  in  beauty,  and  even  surpassmg  it  in  brilliancy.  In 
the  Lilies  and  Tulips,  we  find  the  perianth  composed  oC  six 
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ooloored  parts,  wbioh  seem  to  spring  at  onoe  from  the  flower- 
stalk,  without  hrscts  or  calyx.  But,  if  thej  be  examined,  it 
will  be  foond  that  three  of  these  arise  lower  down  than  the 
others,  and  therefore  partly  enclose  them ;  so  that  these  three  ar« 
to  be  regarded  (in  spite  of  their  colonr)  as  sepab  of  the  calyx ; 
and  it  may  often  be  observed  that,  though  coloured  in  their 
interior,  they  avs  greenish  outside,  espedaUy  alohg  their  middle. 
In  the  Fuchsia,—*  beautiful  plant  which  may  now  be  grown 
with  little  difl&duHy  in  our  gardens,  though  formerly  considered 
a  rare  exotic, — the  calyx  is  eren  more  brightly  coloured  than  the 
corolla.  This  change  of  colour,  however,  by  no  means  disproves 
what  has  been  said  of  the  analogy  between  sepab  and  leaves ; 
since,  as  formerly  noticed,  leaves  tiiemselves  occasionally  undergo 
similar  changes ;  and  the  colouring  principle  seems  to  consist,  in 
all  cases,  of  nearly  the  same  substance,  in  different  states  of 
chemical  combination  (§.  386).  Further,  the  calyx  not  unfre- 
quently  returns  to  tiie  form  of  true  leaves,  in  flowers  in  which 
its  regular  appearance  is  very  different;  such  irregular  forma- 
tions, which  are  termed  monstrosities,  are  in  this,  as  in  many 
other  instances,  very  instructive  to  the  Physiologist,  in  leading 
him  to  the  knowledge  of  the  true  character  of  organs,  of  which 
the  external  finrm  may  have  been  greatly  changed. 

459.  Similar  remarks  may  be  made  upon  the  real  nature  of 
the  petals  of  the  CoroUa.  They  are  almost  always  coloured ; 
but  they  still  preserve  their  leafy  structure,  having  cuticle,  sto- 
mata,  parenchyma,  and  v^ns.  It  has  been  seen  that,  in  the 
Tulip  and  Lily  tribe,  there  is  no  essential  difference  between  the 
sepals  and  petals ;  what  is  true  of  the  former,  therefore,  must  be 
also  true  of  the  latter.  Further,  in  the  Psaony,  the  tranrition 
from  the  form  of  the  sepal  to  that  of  the  petal,  is  as  gradual  as 
that  from  the  ordinary  leaf  to  the  sepaL  If  we  trace  the  por- 
tions of  the  perianth  from  vrithout  inwards,  we  may  observe 
that  the  green  leafy  sepals  are  slowly  changed,  in  the  first  place 
by  having  Aeir  points  and  edges  turned  from  green  to  pink,  and 
becoming  more  delicate  in  their  structure ; — next  the  inner  side 
is  seen  to  be  completely  coloured,  while  the  back  is  still  greenish 
in  its  centre ;  and  finally  the  whole  is  converted  into  an  ordinary 
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petal.  But  even  where  the  appeanmoe  of  the  petals  is  the  fur- 
thest remoyed  firom  that  of  ordinary  leaves,  it  is  very  common 
to  find  monstrosities,  which  show  that  there  is  no  essential  dif- 
ference. The  common  Wood- Anemone,  for  example,  not  unfre- 
quently  presents  several  varieties  in  the  character  of  the  sepals 
and  petals,  intermediate  between  what  may  be  regarded  as 
natural  to  them,  and  that  of  the  ordinary  leaves.  Thus,  the 
calyx  may  be  converted  into  a  whorl  of  true  leaves,  whilst  the 
wldte  petals  have  become  green  and  resemble  the  ordinary 
sepals ;  or  the  metamorphosis  may  have  proceeded  f&rther,  and 
the  petals,  as  well  as  the  sepals,  may  have  been  converted  into 
ordinary  leaves. 

460.  The  structure,  appearance,  and  functions  of  the  Stamens 
are  so  different  from  those  df  the  parts  of  the  perianth,  that  it 
would  scarcely  appear  pi^obable  that  they  too  are  transformed 
leaves ;  and  yet  this  will  prove  to  be  the  case.  There  are  many 
flowers,  in  which  the  transition  from  the  form  of  the  petal  to 
that  of  the  stamen,  is  as 
gradual  as  those  ahready 
described*  This  is  the 
case,  for  exfloaiple,  in  the 
PsBony;  and  it  is  still 
more  evident  in  the  com- 
mon White  Water  Lily, 
the  principal  stages  of 
transformation  in  which 
are  represented  in  the  ad- 
joining figure.  The  petal,  a,  is  first  thickened  near  its  point,  as 
seen  at  5,  by  a  deposit  of  yellow  substance,  which,  when  exa- 
mined, is  found  to  be  pollen.  This  thickened  part  gains  upon 
the  expanded  portion  of  the  petal,  which  becomes  contracted  in 
a  corresponding  degree,  as  we  advance  nearer  the  centre  of  the 
flower ;  until  we  arrive  at  the  regular  form  of  the  stamen,  d^  in 
which  we  observe  that  the  two  thickened  parts  have  met  as 
anther-lobes,  and  that  the  leafy  portion  of  the  petal  is  contracted 
into  the  filament  supporting  them.  The  inner  rows  of  stamens 
(of  which  there  are  several)  are  still  more  contracted,  not  being 


Fio.  90— STAon  or  tranapoiuutioii  or  mtals 
or  Whjtb  Watcr  Lilt,  into  STAiiXNa. 
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folly  developed ;  and  here  we  lose  all  tnoe  of  the  leafy  ap- 
pearanoe. 

461.  Although  the  nsaal  appearance  of  the  stamens  is  snch 
as  was  formerly  descrihed,  there  are  several  flowers  in  which 
they  ordinarily  have  very  hroad  expanded  filaments ;  and  these 
oigans  are  snhject  to  the  same  kind  of  transformation  into  the 
leafy  character,  as  are  the  portions  of  the  calyx  and  corolla.  The 
transibrmation  of  stamens  into  petals,  in  fact,  is  extremely  com- 
mon ;  it  heing  generally  in  this  manner  that  double  flowers  are 
produced  firom  single  ones.  In  the  wild  Rose,  for  example,  we 
find  hut  a  single  row  of  petals,  surronnding  a  very  large  namher 
of  stamens ;  whilst  in  the  cultivated  Rose  of  gardens,  there  are 
several  rows  of  petals,  and  the  numher  of  stam^is  has  propor- 
tionally diminished.  The  Rose  is  a  flower,  which  is  very  liahle 
to  produce  monstrosities  or  irregular  growths;  and  it  is  not 
uncommon  to  find  this  transformation  more  complete, — ^the  sta- 
mens, as  well  as  the  petals  and  sepals,  heing  converted  into  true 
leaves,  so  that  the  flower  is  entirely  green.  The  same  is  often 
the  case  with  the  Wood- Anemone.  No  further  evidence  then, 
is  required  to  prove,  that  the  dmnmU  of  the  leaf  and  the  stamen 
must  he  the  same  (although  their  fully-developed  forms  are  so 
different) ;  and  that  these  elements  may  he  developed  into  one 
form  or  the  other,  according  to  circumstances,  with  which  we  are 
as  yet  only  in  part  acquainted. 

462.  We  now  come  to  the  Pistil,  which  occupies,  as  for- 
merly stated,  the  centre  of  the  flower.  In  considering  its  real 
nature,  it  is  always  necessary  to  regard  it  as  made  up  of  a  num- 
ber of  separate  carpels  (§.  434),  whether  or  not  they  can  be  com- 
pletely distinguished ; — just  as  the  gamosepalous  calyx  and  the 
gamopetalous  corolla  are  considered  as  formed,  by  the  adhesion 
of  their  several  constituent  portions.  We  have  to  examine,  then, 
what  is  the  real  character  of  each  carpel ;  and  this  is  sometimes 
manifested  to  us  in  a  remarkable  manner.  When  the  carpels 
are  distinct,  and  are  fully  developed,  they  not  unfrequently  pre- 
sent a  very  leafy  appearance.  Tfius,  the  pod  of  the  Pea,  when 
opened,  is  seen  not  to  differ  essentialfy  from  what  a  leaf,  with 
its  two  edges  rolled  together,  would  be ;  the  prolongation  of  the 
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stalk  corresponds  with  the  midrih,  and  the  two  valves  of  tlie  pod 
are  the  two  lobes  of  the  leaf.     Instances  occasionally  present 


Fio.  98.— MoirnaotiTV  iir  thk  Pica  ;  thii  Edobb  or  tus  Carpxls  not  vnitsd. 

themselves,  in  which  this  is  seen  more  decidedly,  from  the  want 
of  development  of  the  ovules,  and  the  non-closure  of  the  pod,  so 
that  its  leafy  aspect  is  less  departed  from.  There  are  little  pro- 
jections, however,  from  the  thickened  edges  of  this  carpellary 
leaf^  which  show  where  the  ovules  should  have  been.  A  still 
more  interesting  monstrosity  is  almost  constantly  presented  by 
the  double  Cherry.  The  centre  of  the  flower  is  occupied  by  a 
small  leaf  in  place  of  the  usual 
carpel.  This  leaf  (Fig.  ^,  a) 
has  the  two  edges  folded  towards 
each  other,  and  the  midrib  is 
greatly  prolonged,  having  a  little 
dilatation  at  Hs  summit.  If  this 
be  compared  with  the  carpel  of 
the  cherry,  seen  at  e^  no  doubt  can 
be  entertained  that  the  two  sides 
of  the  leaf  answer  to  the  walls  of 
the  ovavy,  the  prolong^  midrib 
to  the  style,  and  its  dilated  extre- 
mity to  the  stigma.  In  some  in- 
stances the   flower  contains  two  fm.87. 


Digitized  by  VjOOQ IC 


302    REGULAR   ARBANOEMBNT   OP  THE    PARTS    OP  PLOWBRS 

makk  leaves ;  and  they  are  then  always  seen  to  present  their  hoi-* 
lowed  faces  towards  each  other,  in  the  manner  seen  at  b.  This 
precisely  corresponds  with  the  position  of  the  true  carpels  shown 
9t  d;  in  which  the  iuture  or  line  of  junction  of  the  two  edges, 
of  each  carpel  is  opposite  to  that  of  the  other.  If  any  farther 
proof  were  required,  of  the  carpel  being  a  transformed  leaf,  it  is 
afforded  by  the  fact  that,  in  Roses,  Anemonies,  Ranunculuses, 
and  other  such  flowers,  which  are  liable  to  have  their  stamens 
converted  into  petals,  or  into  true  leaves,  the  carpels  not  unfre- 
quently  undergo  the  same  changes,  so  that  the  whole  flower  is 
metamorphosed  into  a  bunch  of  leaves,  which  are  still  arranged, 
however,  on  exactly  the  same  plan  vnth  the  parts  of  the  real 
flower. 

463.  The  usual  arrangement  of  these  parts  corresponds  pre- 
cisely with  what  was  formerly  stated,  of  the  disposition  of  the 
leaves  (§.  303.)  When  the  spiral,  which  may  be  regarded  as 
their  regular  mode  of  arrangement,  is  converted  into  a  whorl  or 
verticil,  by  the  non-development  of  the  intervening  part  of  the 
axis,  and  two  or  more  of  these  whorls  succeed  one  another,  their 
several  leaves  do  not  correspond,  in  the  direction  in  which  they 
issue  from  the  stem ;  but  are  so  placed,  that  the  leaves  of  each 
are  above  or  below  the  intervab  between  the  leaves  of  the 
other.  When  this  is  the  case,  the  whorls  are  said  to  aUemaU 
with  each  other. — Now  the  regular  flower  may  be  conadered  as 
made  up  of  five  such  whorls,  arising  from  nearly  the  same  part 
of  the  axis ;  and  they  are  disposed  alternately  with  each  other. 
Thus,  the  sepals  of  the  calyx  altemaU  with  the  bracts ;  the 
petals  of  the  corolla  alternate  vnth  the  sepals,  and  are  opposite 
to  the  bracts ;  the  stamens  alternate  with  the  petals,  and  are 
opposite  to  the  sepals;  and  the  carpels  alternate  with  the 
stamens,  and  are  opposite  to  the  petals. 

464.  This  very  simple  law,  regulating  the  position  of  thd 
parts  of  the  flower,  is  apparently  subject,  however,  to  many 
exceptions ;  but  these  all  arise  from  the  interference  of  other 
causes.  For  example,  the  number  of  parts  may  be  so  much  in- 
creased, that  they  cannot  be  all  arranged  in  one  whorl,  and  they 
then  form  additional  verticib ;  which,  however,  still  fdlow  th« 
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Fio.  96.— Plans  or  Flowsbs  •  a.  Cherry ;  b,  SqnilL 


mne  principle  of  anraDgement.  For  example,  the  adjoiniog 
figure  shows  a  plan  (a) 
of  the  flower  of  a 
Cherry;  in  the  enter 
circle  are  marked  the 
places  of  the  five  sepals, 
and  in  the  next  those 
of  the  five  petals  which 
alternate  with  them. 
Within  these,  however, 
we  find  no  less  than  twenty  stamens ;  hut  these  may  be  regarded 
as  composing  fi)ar  whorls  with  five  in  eadi,  apparently  blended 
together,  however,  by  the  closeness  of  their  origin.  The  other 
diagram  (b)  is  the  plan  of  the  flower  of  a' Squill;  in  which,  as  in 
other  Endogens,  the  parts  are  dilpoeed  in  thrse$  not  in  fives.  The 
outer  drde  has  three  dots  indicating  the  places  of  the  three 
sepals ;  and  on  the  inner  one  the  petals  are  indicated  in  like 
manner,  and  are  seen  to  aTtemate  with  the  former ;  the  stamens 
are  six  in  number,  and  distinctly  form  two  rows,  of  which  the 
outer  one  is  opposite  to*  the  whorl  of  the  calyx,  and  the  inner 
one  to  that  of  the  corolla ;  and  with  this,  again,  the  carpels 
would  alternate. 

465.     An  apparent  irregularity,  however,  is  more  frequently 

produced  by  the  absence 
of  some  of  the  parts. 
Thus,  in  the  Primrose, 
there  are  five  sepals,  five 
petals,  and  five  stamens ; 
but  the  stamens  are  op- 
posite to  the  petals,  in- 
stead of  alternating  with 
them  (Fig.  99 ;  a).  Now 
the  explaoation  which  the  Botanist  would  ofier  of  this  irregu- 
larity, is, — that  there  must  be  a  row  of  stamens  intermediate 
between  the  petab  and  the  stamens,  which,  from  some  cause, 
have  not  been  developed.  And  this  is  found  to  be  really  the 
case ;  for  in  the  Samolus,  a  plant  otherwise  formed  upon  the 
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Bsme  plan  as  the  primrose,  five  little  scales,  which  are  partly- 
deyeloped  stamens,  appear  in  the  situation  of  the  absent  row. 

In  the  Sage,  again,  we 
find  a  caljz  of  five  sepak, 
and  a  corolla  of  five  petals; 
but  only  two  stamens  are 
seen  within  (Fig.  100,  a). 
Now,  npon  looking  atten- 
tively at  the  inside  of  the 
tube  of  the  corolla,  two 
little  scales  are  often  to  be 
seen  growing  in  the  place,  where  two  of  the  deficient  stamens 
should  haye  been, — that  is  alternating  with  the  petals ;  these 
two  scales  are  frequently  developed  as  perfect  stamens,  in  flowers 
which  are  otherwise  constructed  exactly  like  tiie  Sage  (b) ;  and 
even  the  fifth  makes  its  appearance  in  some  instances,  exactly 
where  it  should  regularly  be  found.  Sudi  deficiencies  are  often 
to  be  noticed ;  thus  in  the  genus  Banhinia,  which  has,  properly, 
ten  stamens  arranged  in 
two  whorls,  there  are 
some  species  in  which  only 
three  perfect  stamens  are 
developed  (a),  or  even  but  a 
single  one  (^).  Deficiency 
in  the  number  of  carpels 
in  the  pistil,  is  even  more 
common ;  and  it  is  in  fact  rare  to  find  a  flower,  which  presents 
a  structure  that  may  be  considered  perfectly  regular,  as  well  in 
its  form  as*  in  the  number  of  its  parts.  Without  forming  some 
such  standard,  however,  it  would  be  impossible  to  obtain  a  defi- 
nite idea  of  the  nature  of  the  deviations,  of  which  some  of  the 
principal  kinds  will  have  to  be  presentiy  considered. 

466.  One  of  the  commonest  of  these  deviations  is  that,  in 
which  the  calyx  appears  to  arise,  not,  as  is  usual,  below  tiie 
ovarium,  but  above  it.  In  this  case  it  will  be  found,  that  the 
real  position  of  the  parts  is  the  same ;  but  that  the  perianth  wraps 
round  or  encloses  the  ovarium,  and  spreads  itself  out  only  when 
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freed  from  it.  The  stomens  too,  not  nnfrequeiitly  seem  to  arise 
from  the  corolla,  instead  of  from  the  axis  of  the  flower ;  but  this 
eflect  is  produced  in  a  similar  manner — ^namely,  by  their  adhe- 
sion at  their  lower  part,  to  the  inner  side*  of  the  petals.  The 
stamens,  again,  sometimes  adhere  to  each  other,  so  as  to  form  a 
complete  tube^  surrounding  the  pistiL 

467.  In  the  foregoing  instances,  the  tymmttry  of  the  flower 
is  not  destroyed;  that  is,  it  may  be  diyided  into  two  similsr 
halves  by  a  Ibe  crossingit  in  any  direction.  But  there aremany 
irregularities  resulting  from  the  unequal  development  of  the 
different  parts  of  the  same  whorl,  and  from  the  adhesion  of  these 
parts  to  each  other  in  various  ways ;  so  that  the  whole  f<»rm  of 
the  flower  sometimes  appears  completely  changed,  and  there  is 
only  one  direction,  in  which  it  can  be  divided  into  two  equal 
halves.  This  is  the  case  in  the  flower  of  the  Pea  or  Bean,  for 
example ;  in  which,  as  in  other  plants  of  ihe  Papilionaceous 
group  (so  named  from  the  resembUuice  of  the  flower  to  a  Papilio 
or  Butterfly),  there  is  one  broad  petal  standing  erect, — ^two  sepa- 
rate ones  termed  the  wings,  which  are  prolonged  from  its  base, 
— and  two  others  united  together,  forming  what  is  termed  the 
keel,  which  is  enclosed  between  the  last. 

4G8.  The  flower  is  usually  placed  at  the  end  of  the  flower- 
stem,  or  of  its  subdivision  of  it ;  and  the  tendency  in  this  stem  to 
lengthen,  appears  to  be  checked  by  the  development  of  a  flower- 
bud.  It  commonly  swells  out  at  the  insertion  of  the  perianth, 
forming  what  is  cslled  the  dkh  or  reeepiaele;  and  in  this,  as  for- 
merly stated,  nourishment  is  frequently  laid  up,  in  the  form  of 
starch,  for  the  development  of  the  young  oTules  (§.  285.)  *This 
receptacle  sometimes  grows  upwards  between  the  carpels,  and 
even  encloses  them.  In  other  cases,  it  extends  so  much,  as  to 
separate  the  carpels  from  one  another;  this  is  the  case  in  the 
Strawberry,  of  which  the  fruit  is  the  swollen  receptacle,  whilst 
the  little  bodies  scattered  over  its  sur&ce  (commonly  termed 
seeds)  are  in  reality  the  carpels.  Sometimes,  however,  it  happens, 
that  the  flower-stem  continues  to  grow  between  the  points,  from 
which  the  solids  proceed ;  and  they  are  then  separated  from  each 
other,  just  as  are  leaves  in  like  circumstances  (§.  304).  The  spural 
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lint,  in  which  the  difierent  parts  of  the  flowers  are  inserted  loond 
the  axis,  then  heoomes  yery  evident.  This  is  not  nnfrequ^tly 
the  ease  in  the  Double  Tnlip,  as  well  as  in  some  Enphotbiums 
(Spurges);  and  as  the  parts  of  the  flower  are  generally  at  the 
same  time  more  or  less  dianged  into  the  leafy  character,  the 
resemblance  of  the  whole  flower  to  a  leaf-bnd  or  nndevdoped 
branch  then  becomes  very  obrions.  Sometimes  after  giving  off 
the  whorls  of  the  perianth,  the  flower-stalk  is  prolonged  through 
their  centre,  and  bears  another  bnd  at  its  extronity;  this  is  by 
no  means  uncommon  in  Roses.  It  is  well  known  to  Churdeners 
that,  by  a  still  further  change,  floww*buds  may  be  actually 
converted  into  leaf-buds,  and  devdoped  into  true  leaf-bearing 
branches ;  a  fact  wMch  sufficiently  proves,  that  every  part  of  the 
flower  is  formed  out  of  the  same  elements  with  leaves,  and  that 
the  development  of  either  may  take  place  according  to  circum- 
stances. Hence  We  know  why  a  difference  in  the  amount  of 
nutrition  which  the  plant  receives,  should  influence  its  tendency 
to  the  production  of  flowers  and  firuit.  It  has  been  stated  that, 
in  each  of  the  parts  of  the  flower,  there  is  a  tendency  to  revert 
to  the  leafy  form ;  and  this  is  especially  the  case  vnth  the  stamens, 
which  are  often  converted  into  petals  (thus  changing  a  sinpU 
flower  into  a  doMe  one),  when  the  plant  is  transferred  from  the 
poor  soil,  in  which  it  may  be  naturally  growing,  into  the  rich 
mould  of  a  garden.  Now  if  a  plant  be  over-supplied  vnth 
nourishment,  it  will  run  to  leaf^  as  it  is  termed, — that  is,  it  will 
develope  too  many  leaf-buds,  and  will  not  put  forth  flowers ;  so 
that,  in  order  to  make  it  bear  fruit,  it  is  necessary  to  diminish  its 
quantity  of  sap ;  one  method  of  effecting  which,  is  to  dig  a  trench 
at  a  certain  distance  round  the  bottom  of  the  trunk,  so  as  to  cut 
off  part  of  the  supply  it  receives  from  the  roots. 

469.  It  might  be  objected  to  the  statements  here  made,  thai 
the  pollen  and  the  ovules  are  so  diflerent  from  anything  which 
the  leaf  naturally  produces,  that  no  analogy  can  be  imagined 
between  organs  bearing  these,  and  the  ordinary  leaves.  But,  if 
the  structure  of  the  pollen-grain  be  considered,  it  will  be  per- 
ceived to  correspond  precisely  with  that  of  other  cells  of  cellular 
tissue ;  differing  chiefly  in  its  power  of  separating  itself  from  the 


Digitized  by  VjOOQ IC 


NATURE   OP    OVULES. — FORMATION    OP   FRUIT.  307 

rest,  and  of  sending  forth  little  granules  which  are  to  form  new 
plants,  instead  of  adding  to  the  number  of  cells  in  tlie  parent 
structure.  Every  cell  of  the  Confervad,  it  will  be  recollected 
(§.  434),  may  be  regarded  as  essentially  a  pollen-grain ;  and 
therefore  the  difference  cannot  be  really  so  great  as  it  appears. 
Further,  in  regard  to  the  ovules,  the  fact  heretofore  mentioned 
(§.  240)  that  certain  leaves  have  the  power  of  producing  little 
buds  from  their  edges,  becomes  of  great  interest;  for,  if  the 
ovules  could  be  regarded  as  at  all  analogous  to  buds,  it  is  evident 
that  their  situation  on  the  edges  of  the  carpellary  leaf  would 
quite  correspond  with  that  of  the  buds  of  the  Bryapkyliumy  or 
of  the  Bog  Orchis.  And  it  has  been  proved  by  the  occurrence 
of  some  curious  monstrosities,  that  this  is  a  real  analogy ;  for  a 
seed-vessel  of  Mignionette  has  been  known  to  bear  a  set  of  little 
buds  at  the  edges  of  its  carpellary  leaves,  arranged  just  as  the 
ovules  should  have  been. 

470.  We  have  in  the  last  place  to  consider  the  structure  of 
the  Fruit,  which  is  the  mature  or  ripened  ovary  containing  ferti- 
lised seeds.  This  frequently  differs  remarkably  from  the  ovary, 
which  the  centre  of  the  flower  contained,  both  in  its  external 
appearance,  and  in  the  arrangement  of  its  interior.  For  example, 
the  Cherry,  Plum,  Almond,  or  other  stone  fruit,  is  formed  by  a 
remarkable  change  in  the  substance  of  the  carpellary  leaf;,  the 
internal  surface  of  thb  becomes  hardened  into  the  stone,  whilst 
the  external  remains  as  a  thin  cuticle  or  skin ;  and  the  pulp  of 
the  firuit  is  formed,  by  the  increase  of  the  parenchyma  or  fleshy 
tissue  of  the  leaf.  Here  each  carpel  originally  contained  several 
ovnles,  but  only  one  of  them  is  usually  developed.  In  the  ovary 
of  the  Chesnut,  there  are  originally  seven  carpels  or  cells  with 
two  ovules  in  each,  whilst  the  ripe  firuit  consists  of  but  one  cell 
and  one  seed ;  so  that  no  fewer  than  six  cells  and  thirteen  ovnles 
are  suppressed,  in  order  to  enable  a  single  ovule  to  grow  and  be 
matured*  It  is  not  uncommon,  however,  to  find  two  or  even 
three  Chesnuts  within  a  single  shell,  separated  by  slight  parti- 
tions. The  firuit  of  the  Orange,  as  fonnerly  mentioned,  consists 
of  the  carpels,  surrounded  by  the  external  coat  ef  ihe  ovarium ; 
and  having  the  space  between  their  inner  wall  and  the  seeds  they 
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contaiii,  filled  np  with  a  very  saocalent  cellular  tiasae.  On  the 
oilier  hand,  in  the  Apple,  the  carpels  lie  in  the  centre  of  the 
fruit,  and  their  walls  are  somewhat  homy ;  the  fleshy  suhstance 
of  the  fruit  is  formed  hy  the  calyx,  which  is  adherent  to  the 
exterior  of  the  ovary;  and  the  parenchyma  between  its  two 
snrfaces  swells  ont  in  ripening,  in  the  same  manner  as  does  that 
of  the  carpellary  leaf  of  the  Plum.  In  the  Medlar,  the  carpels 
have  a  hard  or  bony  covering,  and  they  lie  separately  in  the 
midst  of  the  pulpy  envelope,  which  they  acquire  in  like  manner 
firom  the  calyx.  In  the  Strawberry,  as  just  now  mentioned 
(§.  468),  the  carpels  are  separated  from  each  other  by  the  recep- 
tacle, the  expannon  of  which  forms  the  fleshy  part  of  the  fruit. 
In  the  Raspberry  and  Blackberry,  on  the  other  hand,  the  recep- 
tacle is  the  white  fleshy  stalk  which  occupies  the  centre  of  the 
fruit ;  and  the  pulpy  portion  consists  of  the  carpels  enclosing 
seeds.     The  Custard- Apple  of  the  West  Indies  is  formed  on  tliis 
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last  plan  ;  the  edible  portion  consisting  of  the  fleshy  carpels  which 
are  attached  to  a  slender  receptacle.  The  pods  of  the  Pea, 
Laburnum,  and  other  Leguminous  plants,  again,  are  single  car- 
pels, which  sometimes  grow  to  a  great  length,  and  contain  many 
seeds.  In  the  Bread-fruit  (Fig.  103)  and  Mulberry,  the  edible 
portion  is  formed  by  the  cohesion,  into  a  single  mass,  of  the  floral 
envelopes  and  ovaria  of  a  large  number  of  flowers,  arranged  on 
a  central  fleshy  column  or  spike.  In  the  Fig.  on  the  other  hand, 
the  fleshy  receptacle  encloses  the  flowers,  which  are  situated  in 
the  interior  of  the  fruit.  A  great  many  more  varieties  might  be 
enumerated ;  but  the  mention  of  these  will  serve  to  give  an  idea 
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of  the  mode,  in  which  the  very  curious  transformatioii  of  the 
ovary  into  the  fruit  takes  place. 


Fio.  103L— AjkTDOAAPin  IimaA,  or  Brxad-fkuit. 

471.  When  the  seeds  are  ripe  and  ready  to  be  dispersed,  the 
carpel  usually  splits  either  along  the  suture,  or  in  the  opposite 
direction,  in  order  to  set  them  free.  There  are  many  curious 
provisions  for  their  dispersion  to  a  great  distance  from  the  parent. 
Some  of  these,  dependmg  on  the  movements  of  the  capsule,  have 
already  been  explained.  Many  seeds  are  winged^  tiiat  is,  are 
furnished  with  a  little  expansion  on  each  side,  fitted  to  catch  the 
wind ;  and  thus  they  are  wafted  to  places  hx  distant  from  those 
in  which  they  were  produced.  A  very  common  provision  is  that 
of  which  the  Dandelion  seed  is  an  example.  This,  as  is  well 
known,  is  furnished  with  a  very  light  downy  appendage,  by  which 
it  is  floated  along  with  the  slightest  breath  of  air ;  this  appendage 
is  nothing  else  than  a  peculiar  form  of  the  calyx,  which  remains 
adherent  to  the  seed,  until  it  is  deposited  in  the  soil  Other 
seeds,  again,  are  conveyed  by  the  waters  of  streams  and  rivers, 
into  which  they  fall ;  and  take  root,  when  left  by  the  current 
upon  a  congenial  soil.  Some  are  even  capable  of  resisting  the 
influence  of  the  waters  of  the  sea ;  and  in  this  manner  it  is,  that 
the  ooral  ishinds,  which  are  gradually  appearing  above  the  snr- 
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face  of  the  Pacific  Ocean,  are  speedily  covered  with  a  crop  of 
luxuriant  vegetation.  Birds,  too,  are  very  important  agents  iu 
diffusing  the  various  species  of  plants ;  some  of  which  are  scarcely 
di^>er8ed  in  any  other  way.  They  carry  off  the  whole  fruit  to 
a  convenient  place,  and  drop  the  stone  when  they  have  eaten  the 
pulp ;  or  they  eat  the  whole,  and  the  seed,  being  undigested  on 
account  of  the  hardness  of  its  coats,  falls  into  the  ground  when 
voided  by  them.  Some  seeds  will  not  readily  germinate,  until 
they  have  undergone  this  process.  When  it  ia  considered  that 
from  a  single  seed  as  many  as  30,000  or  40,000  new  individuals 
of  some  species  may  be  produced  in  a  single  year,  it  will  be 
perceived  how  abundantly  the  Creator  has  provided  for  the  con- 
tinuance of  their  race,  and  how  unlikely  is  their  extinction, 
without  some  great  convulsion  of  Nature. 

472.  The  Reproductive  System  of  Vegetables,  then,  counter- 
acts in  its  operation  the  effects  which  would  otherwise  speedily 
result  from  the  law,  which  the  Creator  has  impressed  on  all  organ- 
ized structures; — that  law  of  limited  duration,  which  renders 
their  death  and  decay  as  complete  a  portion  of  the  series  of 
actions  they  exhibit,  as  are  the  wonderful  phenomena  in  which 
they  are  concerned  during  life.  By  this  counterpoise,  all  limit 
to  the  continuance  of  races  is  remoTed,  except  such  as  is  inter- 
posed by  some  causes  beyond.  The  records  of  the  history  of  the 
Earth,  which  are  brought  to  light  by  an  examination  of  the  roeks 
that  appear  at  its  surface,  afford  abundant  evidenoe,  that  Tast  oon- 
▼ulsions  must  have  formeriy  occurred,  iBvolving  the  Vegetable  as 
well  as  the  Animal  kingdom;  and  that,  at  each  of  these,  many 
races  of  Plants  wece  utterly  destroyed ;  so  that  there  is  now 
probably  not  a  single  species  remaining,  of  these  which  first 
covered  the  dry  land  with  verdure,  when  it  was  lifted  from  the 
depths  of  the  ocean  by  Almighty  Power.  Such  a  convulsion  will 
again  occur.  A  time  is  foretold  whea  ^^  the  elements  shall  melt 
vriih  fervent  heat,  and  the  earth  also  and  the  works  thai  are 
therein  shall  be  burned  up."  But  the  immortal  soul  of  Kaa  will 
survive  this  general  conflagration,  and  his  fiioulties  will  reoeiye 
that  full  development,  for  which  his  present  exist^ioe  is  Imt  a 
state  of  preparation. 
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Thb  tKird  Edition  of  Professor  Liehig'a  Agricultural  Chemiatiyj 
recently  publishedj  contains  niuch  additional  evidence  in  support 
of  the  view  entertained  by  him^  and  embodied  in  Chap.  VI.  of 
the  present  Treatise, — that  the  relative  fertility  of  different  soils 
depends,  in  great  degree,  upon  the  supply  they  yjtild  of  the 
mineral  ingredients,  which  are  required  by  the  crops  of  vegetables 
raised  upon  thetUt 

It  has  been  already  shown  (§,  186)  that  the  mrhen  of  plants  is 
derived  rather  from  the  atniosphere  than  from  the  soil ;  the  latter 
having  for  its  chief  purpose,  to  afTord  a  supply  to  the  young  plant, 
which  is  repaid  with  interest,  when  its  full  growth  has  been  attained, 
by  tJie  fixation  of  carbon  from  the  air  through  the  leaves  ;  so  that 
the  quantity  of  carbon  in  a  soil,  wliich  supports  a  flourishing  vege- 
tation, is  continually  increasing  rather  than  diminishing.  By 
similar  observation  upon  an  extended  Scale,  it  may  be  shown  that 
their  nkroijen  also  is  chiefly  derived  from  the  atmosphere.  For 
centuries  past,  a  very  laige.  quantity  of  cheese  lias  been  annually 
exported  froni  Holland,  the  produce  of  the  cows  fed  upon  its 
pastures »  Now  the  fertihty  of  these  pastures  has  not  diminished, 
but  has  rather  increased  ;  notwithstanding  the  withdrawal  of  m 
large  a  quantity  of  a  highily-azotised  substance,  the  cmein  or  cheesy 
matter.  The  cows*  are  permitted  to  remain  on  the  pastures  day 
and  night ;  and  they  thus  return  to  the  soil,  in  their  solid  and 
fluid  excrementa,  nearly  all  the  ynhieral  matter  which  has  been 
withdrawn  from  it,  with  a  considerable  proportion  of  the  elements 
of  its  organic  compounds.  The  nitrogen  as  well  as  the  carbon 
removed  from  it,  whether  in  the  form  of  milk^  animal  fleish,  or  the 
products  of  respiration  imparted  to  the  atmosphere,  must  be  again 
obtained  by  the  soil  from  the  atmosphere  ;  since  there  is  no  dimi- 
nution in  the  amount  of  these  elements  through  a  long  period  of 
time.  But  if  the  mineral  matters,  which  cannot  be  obtained  from 
the  atmosphere,  were  not  rBstoTed  in  the  manure,  a  rapid  diminution 
in  fertiJity  would  certainly  ensue  ;  this  ha\ing  occurred  in  many 
similar  cases. 

It  appears  from  recent  chemical  analyses  of  various  kinds  of 


Digitized  by  VjOOQ IC 


312  ADDENDUM. 

vegetable  sabstances,  that  we  are  not  to  suppose  that  Wheat  and 
other  lands  of  Com  require  more  nitrogen,  than  do  the  herbaceous 
plants  raised  for  the  support  of  cattle.  The  following  table  shows 
the  proportion  of  nitrogen  to  carbon  in  the  entire  pUmU  of  dif- 
ferent species  ordinarily  cultivated. 

With  ereiy  1,000  poandi  of  carbon,  we  obtain — 
From  putarfr*Und,  in       Onat      32*7  pounda  of  carbon. 
From  cnltiTated  fielda,  in  Wheat    21-5         „ 
„  H         Oata        223 

tt  t^  Ry*  15*2  tt 

f»  f.  Potatoea341  „ 

„  „  Beetroot  39*1  „ 

«.  t«  Closer     44  „ 

>»  ..  Pcaa        62 

The  proportion  of  nitrogen  is  much  greater  in  the  eeeds  of  the 
Corn-plants,  in  which  is  concentrated  most  of  the  azotised  matter, 
which  is  elsewhere  diffused  through  the  entire  structure.  It  is  by 
hi  the  highest  in  Peas  and  Beans ;  which  are  nevertheless  grown 
advantageously  between  Wheat-crops,  and  which  do  not  require 
any  animal  manure  thus  showing  that  they  do  not  exhaust  the 
soil  of  its  azotiised  matter.  But  the  general  principle  formerly 
stated  (§.  213),  respecting  the  influence  of  manures,  which  readily 
yield  carbonic  acid  and  ammonia,  in  accelerating  the  growth  of 
plants,  and  rendering  it  more  luxuriant,  is  not  affected.  Still  the 
manures  which  are  richest  in  this  respect  will  be  totally  inefficar 
cious,  if  there  be  not  at  the  same  time  an  ample  supply  of  the 
mineral  ingredients,  which  the  particular  species  of  plant  requires. 

It  has  been  mentioned  (§.  200 — 207)  that  the  chief  of  these 
ingredients  are  Silex,  the  AJMine  Carbonates,  and  Phosphate  of 
Lime ;  and  recent  observations  show,  that  it  is  chiefly  in  afibrding 
an  increased  supply  of  the  two  first,  that  the  good  effects  of  burn- 
ing a  stiff  clayey  soil,  and  of  manuring  it  with  ]^e, — two  processes 
which  have  long  been  advantageously  practised, — ^really  consist 
Owing  to  the  habit  which  prevails  in  this  country,  of  allowing  the 
excrements  of  man  to  run  to  waste,  instead  of  committing  them 
again  to  the  soil,  a  very  large  quantity  of  phosphate  of  lime  is  con- 
tinually being  withdrawn  from  it ;  and  if  it  were  not  for  the  great 
importation  of  bone-earth  from  foreign  sources,  the  amount  of  com 
grown  in  this  country  would  rapidly  diminish,  for  want  of  this 
most  important  ingredient.  It  has  been  suggested  by  Professor 
Liebig,  that  the  large  beds  of  fossil  excrements  (coprolites),  which 
are  found  in  some  parts  of  Britam,  mi^t  be  advantageously 
resorted  to  for  the  needed  supply. 
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CHAPTER  XIIL 

GENERAL  PRINCIPLES   OF  CLASSIFICATION. 

473*  The  term  Botany  is  properly  applicable  to  tbe  whole  of 
the  Bcience  which  includes  tbe  studf  and  investigation  of  the 
Tegetable  Kingdom.  Hence  tbo  examiBatiun  of  tbe  intemal 
Btructure  of  Plants,  and  of  the  variona  procesiaes  eoncenied  in 
their  growth  and  re pfod action, — ^to  the  deacripUun  of  which » 
tmder  the  title  of  Vegetable  Physiology,  tbe  former  part  of  this 
Treatise  has  been  devoted, — atrictly  constitutes  but  a  branch  of 
the  Science  of  Botany,  and  may  be  designated  Structural  and 
Phyaiological  Botany.  But  by  those  who  have  made  the  eiudy 
of  tbe  Vegetable  Kingdom  a  means  of  intereating  recreation, 
rather  than  a  professed  object  of  pursuit,  and  even  by  some  who 
have  considered  themselves  scientific  Eotanists,  this  branch  baa 
been  entirely  overlooked :  and  the  whole  attention  has  been 
devoted  to  the  other  department  of  the  Science^  which  concerns 
the  arrangement  or  classification  of  the  many  thousand  species 
(§»  1 5)  of  Plants  existing  on  tbe  surface  of  the  globe,  into  groups 
or  divisions;  each  of  which  includes  a  number  of  species,  that 
have  certain  charactera  in  com m on,  and  that  difFer  from  those  of 
other  groups*  The  advantages  of  such  a  plan,  in  the  saving  of 
time  and  labour,  are  obvious*  If  all  the  peculiarities  of  every 
species  of  plant  had  to  be  studied  and  recollected  by  tl^emselves, 
it  would  require  a-  long  acquaintance  and  a  retentive  memory,  to 
become  master  of  the  characters  of  the  1400  or  J  500  species  of 
Flowering- Plants  which  our  own  country  produces ;  and  when 
this  number  is  multiplied  by  a  hundred,  which  it  probably  must 
lie  to  represent  the  amount  of  species  existing  on  tlie  entire  globe^ 
it  is  obvious  that  no  single  mind  could  be  capacious  enough  to 
grasp  the  vast  amount  of  detail  thus  aceumtilated* 

474-     It  is  the  busincaa  of  the  Botanist,  therefore,  in  the  ht^t 
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place,  to  eoUeet  Plants  from  all  sooroes  open  to  him ;  and  he  then 
arranges  them  according  to  their  species.  Thus,  we  will  sup- 
pose that  he  has  collected  all  the  plants  of  Great  Britain,  and 
that  he  has  obtained  a  corresponding  series  of  the  plants  of  France. 
Upon  bringing  them  together,  he  would  find  that  many  species 
are  common  to  the  two  countries ;  but  that  some  are  peculiar  to 
Britain,  others  to  France.  If  he  obtained,  in  addition,  a  col- 
lection of  Spanish  plants,  he  would  find  that  some  of  the  species 
common  to  Britain  and  France  are  contained  in  it  also ;  and 
that  some  species  not  known  in  Britain  are  common  to  France 
and  Spain ;  but  he  will  find  many  peculiar  to  Spain.  Proceed- 
ing thus  oTer  the  whole  world,  he  would  gradually  increase  his 
number  of  new  species  ;  at  the  same  time  adding  considerably  to 
the  number  of  specimens  of  some  which  he  would  find  Tery  ex- 
tensively diffused.  He  would  find  a  few  similar  species  almost 
everywhere,— these  being  the  kinds  most  capable  of  adapting 
themselyes  to  varieties  in  soil,  climate,  &c. ;  whilst,  on  the  other 
hand,  he  would  find  many  of  a  very  limited  distribution, — ^bdng 
restricted  to  some  small  extent  of  country,  in  which  alone  tliey 
can  find  the  conditions  necessary  for  their  growth. 

475.  The  greatest  difficulty  in  this  part  of  the  investigation 
consists  in  the  discrimination  of  ipecUs  really  distinct, — ^that  is  to 
say,  of  races  which  have  maintained  their  distinctive  peculiarities, 
so  constantly,  that  they  must  be  considered  as  having  had  ori- 
ginally different  stocks, — from  those  Wirietiei  (§.  16)»  which  may 
often  present  differences  really  greater  in  amount  than  those 
which  exist  between  many  undoubtedly  distinct  species,  but 
which  all  sprung  from  the  same  original  stock.  Thus,  for  ex- 
ample, a  collection  of  plants  from  different  parts  of  India  would 
contain  many  specimens  presenting  such  marked  differences, 
that  the  inexperienced  Botanist  would  not  hesitate  to  set  them 
down  as  distinct  species ;  yet  to  one  who  has  carefully  examined 
the  subject,  and  has  made  himself  acquainted  with  the  variations 
produced  by  the  differences  in  soil  and  climate  so  striking  in 
this  extensive  tract,  it  becomes  apparent  that  they  are  all  mem- 
bers of  the  same.  There  is,  too,  in  many  species  a  remarkable 
tendency  to  run  into  ipontaneoui  variations,  for  which  no  exter- 
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nal  inflaenoes  will  account.  Thus  the  seeds  of  the  same  indi- 
vidual of  the  beautiful  Fuchiioy  now  naturalised  in  our  green- 
houses and  in  the  open  air  of  the  milder  parts  of  Britain,  have 
been  known  to  produce  plants,  whose  flowers  differ  so  much  in 
shape  and  in  the  proportional  length  of  the  calyx  and  corolla, 
that,  if  these  had  been  collected  and  compared  witiiout  the  know- 
ledge that  they  had  been  produced  from  one  plant,  they  would 
have  been  regarded  as  distinct  species,  perhaps  even  (so  striking 
is  the  difference)  as  distinct  genera.  Nearly  the  same  is  the 
case  with  another  South  American  Plant  now  much  cultivated 
in  Britain^»»the  Calceolaria  or  slipper-shaped  flower ;  of  which 
an  immense  number  of  varieties,  difiering  widely  in  the  shape  as 
well  as  the  colour  of  the  flower,  are  now  known,  almost  every 
Horticultural  Exhibition  having  a  new  one :  and  the  beautiful 
South  American  Amaryllii  has  a  like  tendency,  of  which  the 
gardener  has  taken  similar  advantage. 

476.  Hence  in  discriminating  what  are  real  species  from  what 
are  simply  varieties,  the  Botanist  is  treading  on  very  insecure 
ground,  until  he  has  ascertained,  for  every  species,  its  tendency  to 
run  into  varieties  of  form,  whether  spontaneous,  or  induced  by 
change  of  external  conditions*  His  greatest  difficulty  arises  from 
those  cases,  in  which  have  arisen  what  are  termed  permanent 
varieties,  which  reproduce  themselves  with  the  same  regularity  as 
do  real  species.  An  instance  of  this  in  the  Animal  Kingdom  is 
that  of  the  different  races  of  men,  which  are  respectively  distin- 
guished by  marked  peculiarities,  that  are  regularly  repeated 
through  each  generation ;  so  that  many  naturalists  have  been 
inclined  to  regard  them  as  really  distinct  species.  There  is, 
however,  good  evidence  (independently  of  the  Mos^dc  History) 
to  prove  that  they  have  all  descended  from  a  common  stock. 
Precisely  the  same  is  the  case  in  regard  to  Plants ;  many  races 
of  which,  even  in  Britain,  are  still  under  discussion  amongst 
Botanists ;  some  muntaining  that  they  are  distinct  species,  and 
others  that  they  are  but  varieties.  Thus  of  the  Willow,  71 
species  have  been  stated  by  one  authority  to  exist  in  Britain, 
whilst  another  reduces  them  to  29.  The  genus  Rubus  or  com^ 
mon  Bramble  has  been  thought  to  contain  21  British  species, 

y2 
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which  are  prohably  reducible  to  6  or  8.  These  details  are  here 
introduced,  for  the  purpose  of  putting  the  young  Botanist  on 
his  guard,  against  the  tendency  to  multiply  species,  which  is  now 
pievalent  among  superficial  writers,  and  which  is  still  further 
encouraged  by  Ghirdeners,  who  giro  new  specific  names  to  such 
varieties  as  those  just  alluded  to,  and  even  to  hyhridf  between 
these  (§.  454). 

477.  When  the  Botanist  has  satisfied  himself  regarding  the 
species  which  he  has  collected,  his  next  step  is  to  combine  those 
amongst  which  he  finds  the  greatest  resemblance,  into  g$Mra. 
Now  in  this  process  he  must  not  be  altogether  influenced  by  simi- 
larity in  their  general  external  aspect ;  for  this  will  often  con- 
ceal great  differences  in  their  most  important  organs.  There 
are  certain  parts  which  furnish  e$$eHtial  characters,  without 
similarity  in  which  it  would  be  wrong  to  associate  species,  how- 
ever alike  in  other  respects,  in  the  same  genus ;  and,  on  the 
other  hand,  there  are  parts  so  susceptible  of  variation,  that  the 
diffei'ences  between  them  must  be  very  striking  indeed,  to  war- 
rant the  plants  being  arranged  under  different  genera,  when  they 
agree  in  what  have  been  termed  the  essential  characters.  Thus, 
for  instance,  the  general  outiine  of  the  leaf  has  been  stated  to  be 
often  subject  to  great  variety,  in  accordance  with  the  degree  in 
which  the  space  between  the  veins  is  filled  up  with  fleshy 
parenchyma  (§.  234, 5);  and  in  most  cases,  a  difference  in  the 
outline  of  the  leaves  of  two  plants,  the  distribution  of  the  veins 
remaining  the  same,  would  not  alone  s^ve  to  cause  two  plants 
exhibiting  it  to  rank  even  as  distinct  species.  But  any  consider- 
able alteration  of  the  veining  would  be  held  sufficient  for  such  a 
separation  ;  though  the  two  plants,  if  agreeing  in  the  structure 
of  their  organs  of  fructification,  would  still  be  placed  in  the 
same  genus.  On  the  other  hand,  a  marked  and  constant  dif- 
ference in  the  organs  of  fructification  would  be  rightly  held 
sufficient  to  place  the  two  species  in  different  genera,  even  though 
the  form  and  veining  of  the  leaves  might  be  precisely  the  same. 
On  the  relative  value  of  the  characters  furnished  by  the  di£ferent 
organs  more  will  hereafter  be  stated. 

478.  Even  when  thus  grouped  together  into  genera,  however. 
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the  number  of  objects,  which  the  Botanist  has  to  study,  remains 
bj  far  too  great  for  conTenience ;  and  he  next  fMius  his  genera 
into  orderty  and  combines  these  orders  into  cUutety  according  to 
their  respectiye  correspondence  and  difference  in  certain  cha^rac- 
ters  of  a  still  more  general  nature.  Now  in  this  process  he  maj 
follow  two  very  different  plans ;  and  upon  these  are  founded  the 
two  systems  of  classification  which  are  now  in  Yogue.  One  of 
these  is  termed  the  Linnsoan  System,  after  its  founder ;  or  the 
Artificial  System,  from  its  character :  the  other  is  termed  the 
Natural  System.  In  the  Linniean  System,  a  small  number  of 
characters— chiefly  the  number  of  stamens  and  pistils — ^is  taken 
as  the  standard ;  and  the  whole  Vegetable  Kingdom  is  distributed 
under  classes  and  orders,  according  to  the  correspondences  and 
differences  among  ihe  several  genera  in  these  respects, — ^no  regard 
whatever  being  had  to  any  other  characters.  In  the  Natural 
SjTstem,  aU  the  characters  of  the  genera  are  studied ;  and  those 
are  united  into  orders,  which  present  the  greatest  correspondence 
in  the  characters  that  are  regarded  as  of  the  most  importance :  . 
on  the  same  principle,  the  orders  are  united  into  classes.  If  the 
former  plan  be  followed,  genera  most  widely  differing  in  their 
structure  and  physiological  characters  are  often  brought  together, 
and  others  wluch  are  nearly  allied  are  frequently  separated  to  a 
great  extent ;  so  that  in  fact,  it  is  very  common  to  find,  that 
nothing  can  be  stated  as  true  of  all  the  plants  included  in  a 
Linnsdan  order,  except  that  they  have  a  similar  number  of  sta- 
mens and  pistils.  On  the  other  hand,  in  the  Natural  System, 
the  number  of  characters,  in  which  there  is  a  general  agreement 
among  all  the  plants  of  a  particular  order,  is  so  great  that,  to  say 
that  the  plant  belongs  to  a  certain  order,  is  at  once  to  give  the 
greater  part  of  its  description.  This  is  the  case  also  in  the 
highest  or  most  general  groups.  For  instance,  to  say  that  a  par- 
ticular species  is  an  Exogen,  is  at  once  to  make  known  the 
structure  of  its  stem  and  the  mode  of  its  increase, — ^to  express 
the  important  fact  that  it  has  two  cotyledons  or  seed-leaves, — to 
render  it  most  probable  that  the  arrangement  of  the  veins  in  its 
leav<)s  is  reticulated  rather  than  parallel, — ^and  to  intimate  that 
tlie  parts  of  its  flowers  are  likely  to  be  arranged  in  fives  or  fours, 
rather  than  in  tlirees. 
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479.  There  is  a  point  of  agreement  among  the  phints  brought 
together  in  Natural  Orders,  which  is  of  the  greatest  practical 
importance.  This  is,  that  those  which  agree  in  structure  almost 
invariably  correspond  in  propertia  also.  For  instance,  the  whole 
of  the  PapaT(Nracee9  or  Poppy  tribe  possess  narcotic  properties ; 
all  the  Ranunculaoen  or  Crowfoot  tribe  are  acrid ;  whilst  all  the 
MalyacesB  or  Mallow  tribe  are  destitute  of  unwholesome  proper- 
ties. Thus,  when  a  plant  is  recognised  as  a  member  of  a  parti- 
cular Natural  Order,  an  almost  certain  account  may  be  given  of 
its  properties,^-whether  it  is  likely  to  be  injurious  or  wholesome, 
to  furnish  valuable  medioues,  or  important  articles  of  food.  It 
must  be  remembered,  however,  that  the  peculiar  properties  of 
the  plant  do  not  pervade  every  portion  of  it ;  and  that  it  may 
hence  be  possible  to  obtain  wholesome  nutriment,  even  from 
members  of  orders  most  distinguished  for  their  deleterious  pro- 
perties. Thus  the  Potato  belongs  to  the  order  Solanese,  which 
contains  the  Deadly  Nightshade,  Henbane,  and  other  poisonous 
plants ;  but  the  edible  part  of  it,  which  is  a  deposition  of  starch 
for  an  express  purpose  (§.  337))  is  free,  or  nearly  so,  from  the 
narcotic  properties  which  exist  in  the  stems  and  leaves.  Indeed, 
as  a  general  rule,  such  depositions  of  starch  may  supply  whole- 
some food  in  any  order,  more  especially  if  care  be  taken  to  free 
them  from  any  juices  they  may  contain ;  thus  the  Cassava,  which 
furnishes  one  of  the  most  important  articles  of  food  to  the  inha- 
bitants of  many  tropical  sountries,  is  obtained  from  a  plant  of 
the  order  Euphorhuxcem  or  Spurge  tribe,  which  is  distinguished 
for  its  very  acrid  qiwlities :  and  these  are  principally  restricted 
to  the  juice  expressed  from  the  meal  after  it  has  been  ground. 

480.  The  Linnsoan  system,  however,  is  not  without  its  ad- 
vantages for  particular  purposes.  To  a  person  commencing  by 
himself  the  study  of  Systematic  Botany,  denrous  of  making  him- 
self acquainted  with  the  names  and  characters  of  the  plants  he 
may  meet  with  in  his  walks,  and  not  ambitious  of  extending  his 
studies  to  the  higher  parts  of  the  science,  the  LinnsBan  system, 
when  applied  with  the  aid  of  books,  possesses  facilities  which  are 
(at  present  at  least)  greatly  superior  to  those  afforded  by  the 
other,  and  which  are  well  calculated  to  encourage  a  learner.  To 
count  the  number  of  stamens  and  pistils  is  generally  a  very  easy 
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process ;  this  at  once  establishes  the  class  and  order;  and  nothing 
then  remabs,  but  to  determine  the  genos  and  species,  which 
(among  the  comparatively  small  number  found  in  Britain)  a  little 
practice  in  the  examination  of  characters  will  enable  any  intel- 
ligent person  to  do,  with  the  aid  of  books  in  which  these  are  laid 
down.  The  habit  thus  gained  of  discriminating  characters*  and 
of  applymg  terms,  is  a  most  valuable  preparation  for  the  study 
of  the  Natural  System  when  opportunity  presents  itself.  It  must 
be  constantly  borne  in  mind,  however,  that  the  utmost  use  which 
can  be  made  of  the  LinnsBan  system,  consists  in  the  asustance  it 
affords  in  the  discovery  of  the  name  of  an  unknown  plant ;  and, 
until  this  has  been  made  out,  the  previous  determination  of  its 
class  and  order  gives  no  indication  of  its  general  structure  and 
properties  (not  even  making  it  apparent  whether  it  is  an  Endogen 
or  an  Exogen,  a  Dicotyledon  or  a  Monocotyledon),  since  under 
the  same  head  are  grouped  genera  of  the  most  opposite  character. 
It  may  be  said  that  it  serves  as  a  sort  of  Alphabetical  index  to  a 
book,  enabling  the  reader  to  turn  to  any  part  of  it  he  wishes,  by 
looking  out  the  subject  in  the  order  of  its  first  letters,  but  giving 
no  idea  whatever  of  the  general  scope  of  the  book,  nor  of  the 
mode  in  which  its  subjects  are  arranged. 

48 1 .  The  Linnsaan  System  is  liable  to  many  imperfections  and 
difficulties  in  its  application^  even  in  the  limited  circle  of  British 
Plants ;  for  example,  the  number  of  pistils  is  liable  to  be  altered 
in  any  species  by  the  more  or  less  complete  adhesion  of  the  car^- 
pels;  and  that  of  the  stamens  may  aJso  vary  in  the  different 
species  of  the  same  genus,  and  even  among  the  different  indivi- 
duals  of  the  same  species,  or  even  (in  some  instances)  among  the 
different  flowers  of  the  same  stem.  The  adoption  of  characters 
thus  liable  to  vary  cannot,  therefore,  but  sometimes  lead  to  con- 
fusion. For  instance,  of  the  genus  Polygonum,  of  which  the 
several  British  species  are  known  by  the  names  of  Bistort,  Buck- 
wheat, Persicaria,  &c.,  one  has  always,  and  two  others  have 
occasionally,  eight  stamens ;  whilst  in  the  rest  the  number  varies 
from  five  to  ten.  As  eight  seems  to  be  the  moot  regular  num- 
ber, the  genus  is  placed  in  the  class  Octandria :  and  although  its 
styles  are  sometimes  only  two  in  number,  it  is  placed  in  the  order 
Trigynia,  because  they  are  more  commonly  triple.     Now  if  a 
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student  meet  with  a  specimen  which  has  five,  six,  or  ten  stamens^ 
he  will  vainly  search  fw  its  character  among  the  genera  of  the 
LinnsBan  class  to  which  it  would  seem  to  heloog ;  and  unless  he 
hi^ppen  to  consult  a  book  which  makes  special  mention  of  the 
genus  in  these  several  classes,  he  will  be  altogether  at  fault. 
Suppose  that  some  more  knowbg  Botanist  teUs  him  that  his 
plant  is  a  Polygonum,  he  will  again  turn  to  his  book,  wondering 
how  he  could  have  overlooked  it ;  but  he  will  find  the  genus  in 
the  class  Octandria,  in  spite  of  the  different  number  of  stamens 
in  the  specimen  before  him :  and  he  will  then  learn  that  it  is 
placed  in  the  genus  Polygonum  on  account  of  its  strong  general 
resemblance  to  other  Polygonums,  although  difiering  from  th«n 
in  characters  which  are  ordinarily  considered  as  sufficient  to  esta- 
blish classes  and  orders.  Again,  the  greater  part  of  the  species 
of  the  genus  Rhamntu  (Buckthorn)  possess  both  stamens  and 
pistils  in  the  same  flower ;  but  the  species  most  commonly  known 
in  this  country  on  account  of  its  purgative  properties  is  Dicecious, 
the  staminiferous  flowers  being  on  one  plant,  and  the  pistiUiferous 
'  on  another  (§.  435).  The  student  who  meets  with  it,  therefore, 
would  seek  for  it  in  the  class  Dicecia,  where  he  would  be  disap- 
pointed as  before ;  since,  as  in  most  species  the  flowers  are  com- 
plete, it  is  placed  in  the  class  and  order  to  which  the  number  of 
its  stamens  and  pistils  would  refer  it. 

482.  Such  exceptional  cases  occur  much  more  frequently  than 
is  commonly  supposed.  It  has  been  proved  that,  in  fourteen ' 
divisions  of  the  Linnsean  system,  including  173  British  genera, 
there  are  no  less  than  43  exceptions,-— one-quarter  of  the  whole; 
and  that  out  of  274  genera  of  North  America,  belonging  to 
eighteen  Linn»an  sections,  there  are  78  exceptions, — rather  more 
than  a  qiuurter.  These  facts  are  important,  both  as  preparing 
the  student  to  meet  with  such  difficulties,  even  in  the  study  of 
the  Linnsdan  system,  which  is  generally  considered  so  easy  of 
application ;  and  also  as  showing  the  imperfection  of  the  sjrstem 
itself,  which  is  of  no  value  whatever,  beyond  the  temporary  pur- 
pose of  facilitating  the  early  studies  of  the  Botanical  Student. 
In  well-arranged  descriptions  of  British  Plants  (such  as  Hooker's 
British  Flora,  which  may  be  strongly  recommended  for  this  pur- 
pose) the  most  perplexing  of  these  cases  fure  noticed,  in  such  a 
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manner  as  to  prevent  the  loss  of  time  and  labour,  in  yain  attempts 
at  discovering  genera  in  wrong  classes,  or  species  in  wrong 
genera. 

483.  Entertaining,  as  the  writer  does,  from  some  experience 
in  the  matter,  the  foregoing  opinion  of  the  advantages  of  the 
Linnsean  System  for  a  beginner,  it  is  desirable  here  to  give  an 
outline  of  the  principles  upon  which  its  divisions  are  founded, 
which  may  serve  as  an  introduction  to  the  regular  systematic 
treatises  on  the  subject  The  Phanerogamia  or  Flowering  Plants 
are  distributed  under  twenty-three  Chisses,  all  of  which  are  cha- 
racterised either  by  the  nwmJber  or  particular  arrangemeni  of  the 
stamens.  In  the  first  twelve  of  these,  number  alone  is  regarded. 
Their  names  are  formed  by  the  combination  of  the  Greek  numeral 
expressing  the  required  number,  with  the  termination  andria^ 
which  has  reference  to  th^  supposed  male  office  of  the  stamens  in 
the  process  of  fertilization.  These  classes,  therefore,  stand  simply 
as  shown  in  the  following  figures : — 


Pi«.105. 


Pig.  104. 


Difjmla.  UoaofrfBla. 

Clam  I.— Mowandbia.  One 
•teinm.  Ordcrt .- Monocynto 
andDlgynla. 


TriKroia.  DinmU.  UoDogyala. 

Clam  II.— Diandria.    Two  stamens.    Order*— 
Monogynla,  Digynia,  and  THgynia. 


Fig.  106. 


Class  nL— Triandria.    Three  stamens.    Or(f«r«— Monogynla,  Dlgynia,  and  Trtoynla. 
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Fn.  107. 


TtngjwiM.  Dlgynlai  Meoofjala. 

Class  IV.— TsnuunmiA.   Four  stuneos.    Ordert— Monogynia*  Digynia,  and 
TstngynU. 

Faoaoe. 


f«M6 


Tfiffyai*.  Olgyals.  KoMffroia.  PMtagTBi*-  TMiUTni^ 

Clam  V.-PsirrAifDRiA.     Five  stamens.     Onferf—Manogynia,   Digynia,  Trlgynia, 
Tetragynia,  Pentagynia,  and  Polygynia. 

Fi«.]09. 


TricyalAi  DigTBla. 

Class  VL— HazAHDau.    Six  stamens.    Order«— Monogynla,  Digynia,  Trigynia,  and 
Polygynia. 

FMbUa 


Digynia.  Manoomia.  Heptafrate. 


Tetraiqraia. 


Clas^  til— Ubptamoria.    Seven  atamens.    Ord«r«— Monogynia,  Digynia,  Tetragynia 
and  Ueptagynia. 
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Tttncyala-  Trigyala.  Digynla  Monccjaia 

CLAit  YIIL— OcTAWDRiA.    Bifllit  ftamens.    Or<«*r*-Monogynla.    Digynia,   Trigynia, 
and  Tetrasynia. 

Fio.  lis. 


Htxj«ynla. 


Tiigytdm, 


Uonoftynlfr 


Ci^ss  DL—En iraairoKU.    Nine  etamena.    Oftftfr*— Monogynia,  Trigynia,  and 
Hezagynia. 


Fie.  113. 


MiNiosyiiia. 


DttcagyaU.  PflBtagjmi*.  Trinrnla. 


CLAS8  X.— DBi:Ain>aiA.    Ten  itunens.    Or<f«r»— Monogynia,  Digynia,  Trigynla»  Penta- 
gynia,  and  Dtcagynla. 
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Fig.  114. 


Pcataffjmk.  TttrMr>>la- 

Clam  XL  — DoDBCANDRiA.  Twelve ' to  ninetoeD  itameoi.    Orrfrrt— Monogynia,  DigynU, 
Trigynia.  Tetragynia,  Pentagynla,  HexagynJa,  and  Dodecagynia. 

Fio.  115. 


Pelygjala.  Di-Peatamral^  UtmoKT^Ui, 

Class  XIL — ^Ioosanokia.    Twenty  or  more  stamens  Inserted  into  the  calyx.    Orders— 
Monogynla.  Di-Pentagynia,  and  Polygynia. 

To  the  last  mentioned  class,  however^  another  character  belongs; 
for  in  the  next  class,  Polyandria,  the  number  of  stamens  is 
also  twenty  or  more.  They  are  distinguished  by  the  mode  of 
insertion  of  the  stamens ;  these  appearing  to  arise  from  the  calyx 
in  the  former,  and  from  the  disk  or  receptacle  in  the  latter.  This 
distinction,  which  will  be  hereafter  shown  to  be  important  in  the 
Natural  System,  will  be  at  once  understood  by  comparing  a  true 
Rose,  Plum,  Cherry,  or  Pear  blossom,  with  a  Christmas  Rose, 
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an  Anemone,  or  a  Paeony ;  when  the  calyx  and  corolla  of  the 
former  are  pulled  off,  they  carry  the  stamens  with  them ;  but 
they  may  be  enturely  removed  from  the  latter,  leaving  the  stamens 
attached  to  the  disk.  These  two  classes  will,  therefore,  stand  as 
follows : — 

Fio.  116. 


Class  XIH.— PoLVAJfOiuA.    Twenty  stamens  or  more.  Inserted  into  the  reoeptade. 
Ordcr«— Monogynia,  Digynia,  Tzigynia,  Tetrsgynia,  Pentagynia»  and  Polygynia. 

The  next  two  classes  are  characterised  by  peculiarities  in  the 
proportional  length  of  the  stamens,  as  well  as  in  their  number. 
Those  which  are  longer  than  the  rest  are  said  to  be  tn  jwwer  ; 
and  the  termination  dyncmiia  is  applied  to  the  number  of  these, 
in  order  to  designate  their  peculiarity. 

Fro.  117 


Class  XIV<~Didtnaiiia.   Four 


OyiniiMiMTinia. 

two  longer  than  the  others.    Ortfcrt—Gym* 
I  and  Angiospermia. 
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SIU4W 

Clam  XV.— TanuDTNAWA.    Six  stameiit.  four  longer  thaa  the  oUmn.    Ordert— 
SOiqnoaa,  BUlcolota. 

The  three  following  classes  are  characterised  by  the  more  or 
less  complete  union  of  the  filaments  of  the  stamens  into  bundles, 
or  hroiherhoodi ;  on  account  of  which  the  termination  addphia  is 
applied  to  the  number  of  such  bundles. 

F10.119. 


'  Clam  XVI.— Monaoklphia.  Stameos  united  into  a  single  bundle,  forming  a  tube 
which  surrounds  the  style.  Or(i<r«— Triandria,  Pentandria,  Hezandria,  Heptandria, 
Octandria,  Decandria,  Dodeoandria,  and  Polyandria. 


Ffo.l9a 


Oetandiia. 

Clam  XVn.— DiADKLrarA.  Stamens  united  into  two  bnndlM. 
Hezandria,  Octandrla  and  Decandria. 


Orders— Pen  tandria. 
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Claw  XVIH.— Po^-'adw-pbia.    Stamens  united  Into  i 
Deoandria,  and  Polyandria. 


bundlea.    Ordert— 


In  the  next  class,  it  is  the  anthers  which  fonn  the  tube ;  and 
the  name  applied  to  it  signifies  a  growth  together.  In  the  suc- 
ceeding class,  the  stamens  and  the  pistil  grow  together ;  and  the 
name  gyn-cmdria  refers  to  this  union  of  the  male  organs  with  the 
female,  the  latter  being  designated  by  the  first  syllable,  which  will 
presently  be  seen  to  be  much  employed  in  the  description  of  the 
orders. 

Fm.  182. 


Sopcrilaa. 

Cla»  XIX.-Svhokwmia.    Stamens  united  by  their  anthers  Into  a  tube.    Orderi-^ 
JEqualis,  Buperflua,  Frustranea,  and  NeceaaarM. 

Fio.123. 


HflXMdria.  Diuidria.  Monaodria. 

Cla«  XX,— Otnakdria.    Stamens  and  pistils  grown  together.    Ord«r#— Monandrla, 
Diandria,  and  Htzandrla. 
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The  three  remaining  claaees  are  characterised  by  the  separation 
of  the  Btaminiferous  and  pistilliferoos  flowers ;  the  import  of  the 
names  of  the  first  two  has  been  abeadj  explained  ($.  435). 


FMw194. 


Poljraadria- 


Olam  XXL— MomsciA.  Stamens  and  pistils  in  ■epanle  flowers.  Imt  both  growing 
OB  the  SUM  plant  Orders— Monandria,  Diandria.  Triandria,  Tetnndria,  Pentaodria. 
Bexandria,  Octandria,  looeasdria,  Folyandria,  and  MonadelphSa. 


Digitized  by  VjOOQ IC 


CHARAGTBRS  OF  LIMMJBAN  CLABMBg* 
ia.i25. 


329 


MoMMphla. 

Class  XXn.—DioKnA.  Stamens  and  pistils  not  only  on  two  flowers,  but  these  flowers 
On  twodiiferent  plants  Orcf«r«— Monandrla,  DiandrU,  Trisndria,  TetrandrU,  Peotan* 
dria,  Hexandrla,  OotandrSa,  Enneandrla,  I>eoandria»  Dodeoandxia,  Icoiandria,  Polyan- 
iliia,  and  Monadelphia. 


7io.lfi6. 


DIckU. 

Class  XXIIL— Polvoam ia.  Stamens  and  pIstUs  sepa- 
rated in  some  flowers,  united  in  others,  either  on  the  same 
plant  or  CD  two  or  three  difforeat  ones.  Ordert^Honm^a, 
and  Dioeda. 
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484.  The  Orders,  or  rabdiTinons  of  the  eUaset,  ure  generaUf 
founded  upon  the  nnmber  of  the  styles,  or  (if  these  be  not  pre- 
sent)  of  the  stigmss ;  or  npon  certain  peoulsarities  of  the  seed- 
vessel.  In  the  first  thirteen  classes,  the  nnmber  alone  is  regarded ; 
and  the  orders  are  designated,  as  before,  bj  the  Ghreek  numerak, 
with  the  termination  gynia^  whidi  refers  to  the  supposed  female 
character  of  the  pistiL 


Older  1. 

Monofpnia,  OneStjl* 

2. 

Di^ynta,        Two  Stylet 

3. 

Trig^iat       Three  Stylet 

4. 

Tetragftikif   Four  Styles 

5. 

Pgnimgynia,  Five  Stylet 

e. 

Hemagynia,   Six  Stylet 

7. 

Heptogpuay  SeTen  Stylet 

8. 

Ooiogynia,      Eight  Stylet 

9. 

Bnneagfnia,  Nine  Stylet 

10. 

11. 

12. 

Polpgyniat      More  thta  Twelve  Stylet. 

It  will  be  evident,  from  the  description  of  the  structure  of  the 
pistil  formerlj  given  (§.  434),  that  the  number  of  styles  affords 
no  indication  of  the  character  of  the  ovarium.  Thus,  the  ovarium 
may  be  formed  of  many  carpels,  the  divisions  between  which 
remain  as  distinct  partitions,  whilst  the  styles  and  stigmata  of  all 
these  may  have  coalesced  into  one  pillar ;  so  that  we  may  have 
a  single  style  with  a  many-celled  seed-vessel.  On  the  other  hand» 
the  walls  of  the  carpels  may  form  but  incomplete  partitions,  so 
that  the  cavity  of  the  ovarium  is  undivided  (Fig.  50) ;  whilst 
the  styles  and  stigmata  may  be  numerous.  It  will  hereafter  be 
shown  that  the  structure  of  the  ovarium  itself  is  a  much  less 
variable  character  than  the  number  of  styles,  which  is  liable  to 
alteration  in  many  species  (like  that  of  the  stamens)  through  the 
adhesion  or  the  non-development  of  some  of  them.  In  the  class 
DiDYNAMiA,  the  characters  of  the  orders  are  drawn  from  the 
structure  of  the  seed-vessel.  The  first,  Gymnoipermioy  or  naked- 
seeded,  includes  those  in  which  the  ovary  has  four  carpels,  each 
enclosing  a  single  seed ;  and  this,  when  maturei  fills  up  the  cavity 
in  such  a  manner,  that  the  wall  of  the  seed-vessel  appears  like 
an  outer  coat  to  the  seeds,  which  thus  do  not  seem  to  have  any 
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other  envelope.  We  shall  hereafter  find  timt  tlie  only  trm 
naked  ^seeded  pUnte  are  the  Conifene  or  Pioe  tribe,  and  [is  allies, 
in  which  the  seeds  never  are  enclosed  in  a  seed-veaaeh  The  second 
Order,  Angiotpermia^  includes  those  Didftiamia  which  have  a 
distinct  seed-capsule,  usually  two-ceilod,  each  cavity  containing 
many  seeds.  In  the  next  class,  Teth adynamia,  there  are  also 
two  orders,  distiugnished  by  tiie  form  of  their  pod -like  seed- 
vessel  ;— the  firit,  Siliquosts^  having  a  long-pod ; — the  second, 
SilkuioiiB^  a  short  one.  The  Orders  of  the  dosses,  Mokadel- 
PHiA,  DiADELPHiA,  PoLYADELPHiA,  depend  upon  the  number  of 
their  stamens ;  and  they  have  the  same  names  as  the  first  thirteen 
elates, — the  number  of  s  turn  ens,  however,  being  never  lei^s  than 
five.  The  subdii^ision  of  the  da^s  Synoenesia  (as  now  under- 
stood) 18  rather  complex ;  and,  as  it  is  nearly  the  same  in  the 
Natural  System,  it  will  be  better  cx])1ained  under  the  Order 
CompositWi  The  orders  of  the  dasses,  Gykandrja^  Moniecia, 
and  Dkbcia,  are  diatinguished  by  the  number  of  gtamens,  and 
are  consequently  Monandria^  Peniandria^  &c.  Those  of  tlie  class 
PotYOAWiA  are  the  MonGeciu^  in  which  the  same  plant  bears 
Btatniniferoua,  pistilline,  and  complete  flowers  j  and  the  Diwcia, 
in  which  these  occur  on  different  individuals, 

485,  There  are  many  of  these  orders  wViicU  form  groups  truly 
natural ;  that  is,  which  consist  of  genera  having  a  large  number 
of  points  of  agreement  with  each  other,  independently  of  tlte 
characters  on  which  the  subdivision  is  founded.  For  example, 
one  portion  of  the  class  Pentandria,  order  Dig^nia^  corresponds 
with  the  Natural  Order  UmleUifrrm  (including  the  Parsley j 
Carrot,  Hemlock,  Parsncp,  &c.) ;  the  Class  Trianihiia,  order 
Dl^yniay  very  nearly  corresponds  with  the  natural  group  of 
Grasses,  all  these  having  three  stamens  and  two  styles,  which 
combination  is  not  found  in  any  other  plants*  The  Didyn amia 
G%fmm9permla,  again,  are  the  same  with  the  Natural  Order 
Lahiatm^  to  which  belong  the  various  kinds  of  iVIint,  Thyme, 
Dead  Nettle,  &c.  j  and  the  class  Tetradynamia  corresponds 
with  the  natural  Order  Crwtfj/^^,  to  which  belong  the  ^lustard^ 
Cress,  Cabbage,  Turnip,  Stock,  Wall*flower,  &c*  From  the 
predominance  of  the  number  ihrm  and  its  multiples  in  the  parts 

2^3 
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of  the  flower  of  Endogens,  we  find  most  of  this  group  mclnded 
in  the  classes  TriandriA,  Hexandria,  and  Enneandria ;  whilst 
the  prsTalence  of  the  nnmbers  four  and  fi^e  among  Ezogene, 
eanses  the  cksses  Tetrandria  and  Pentandria,  Ootandria  and  De* 
candria,  with  loosandria  and  Pol3randria,  to  contain  a  rery  large 
proportion  of  thai  division.  Bat  the  Linnean  system  often 
brings  together  Exogens  and  Endogens  into  close  contact ;  be- 
sides breaking  up  the  natural  alliances  of  each,  so  as  to  scatter 
widely  apart  the  members  of  groups  nearly  united.  Examples 
of  this  will  be  hereafter  given. 

486.  The  Natural  Sjrstem,  on  the  other  hand,  aims  to  present 
an  harmonious  and  consistent  view  of  the  Yegetable  Kingdom, 
by  associating  into  Orders  those  genera  which  agree  in  the  most 
numerous  and  important  diaracters,  and  which  diffnr  from  otiiers 
in  the  same.  A  table  of  the  characters  of  these  Orders  would 
therefore  resemble  the  Table  of  Contents  of  a  well>arranged 
book ;  giving  at  one  glance  to  a  person  at  all  acquainted  with 
the  subject,  an  idea  of  the  mode  in  which  it  is  treated  by  the 
author,  and  of  the  relations  which  the  several  divisions  of  it  had 
in  his  mind ;  and  enabling  a  person  who  is  entering  upon  the 
study  of  it,  to  do  so  with  the  knowledge  that  he  is  not  gleaning 
at  random,  as  if  he  were  reading  through  a  Dictionary,  but  that 
every  acquisition  he  makes  of  an  individual  part  is  something 
toward  an  acquaintance  with  the  plan  of  the  whole.  One  more 
illustration  may  set  this  matter  in  a  still  clearer  light.  The 
reader  may  be  requested  to  consider  this  series  of  Treatises  as 
oorapleted  according  to  the  original  plan ;  and  as  consisting  of  a 
number  of  Volumes,  each  devoted  to  some  particular  Science, 
but  all  having  a  certain  degree  of  connexion  with  each  other. 
Each  Yolurae  consists  of  a  series  of  Chapters,  in  which  the  sub- 
divisions of  these  Sciences  are  respectively  treated  of,  and  among 
which  there  is  a  still  closer  degree  of  connexion.  Every  chapter, 
again,  is  made  up  of  a  number  of  paragraphs,  each  intended  to 
contain  one  or  more  important  facts,  the  knowledge  of  which  is 
in  itself  useful,  but  which  can  only  be  fully  understood  when 
read  contmuonsly  with  the  preceding  and  following  paragraphs. 
We  shall  farther  suppose  that  the  subject  of  every  paragraph 


Digitized  by  VjOOQ IC 


IDEA   OP  NATURAL    ARRANGEMENT.  333 

oo«ld  be  Gonciaely  expressed  by  a  single  word.  Now  we  will 
imagnie  these  pangraphs,  all  printed  on  separate  slips  of  piq>^, 
with  their  appropriate  titles,  to  be  given  to  a  Man  of  Science, 
with  a  request  that  he  would  arrange  them  for  publication. 
His  first  idea  might,  perhaps,  be,  to  place  them  in  alphabetical 
order,  so  as  to  form  a  kind  of  Dictionary ;  this  being  the  most 
easy  method  of  fulfilling  his  task,  and  also  having  the  advantage, 
when  complete,  of  admitting  very  easy  reference  to  any  required 
sub^BCt.  But  what  idea  would  the  reader  of  such  a  volume  gain, 
of  the  plan  which  the  original  Author  had  in  his  mmd?  Or 
what  connected  and  harmonious  scheme  oi  knowledge  could  he 
frame  from  them,  unless  he  digested  and  arranged  them  in  his 
own  mind,  in  the  manner  in  which  we  shall  suppose  our  Man  of 
Science  to  proceed  to  do  ?  He  might  commence  in  two  ways ; — 
either  by  separating  the  whole  into  heaps,  according  to  the  sub- 
jects to  which  they  respectively  refer,  «.  ^.  Mechanics,  Chemistry, 
Qeology,  Botany,  Zoology,  &c^  and  then  arranging  these 
singly ;— or  by  endeavouring  to  join  the  separate  paragraphs 
together,  according  to  their  obvious  connection.  He  vrill  pro^ 
bably  find  a  combination  of  these  two  methods  the  most  advan-^ 
tagcous ;  and  by  a  careful  examination  of  each  single  paragraph, 
in  its  relations  to  the  whole,  he  may  at  last  succeed  in  producing 
a  series  of  connected  Treatises,  methodically  arranged  according 
to  their  respective  subjects,  and  regularly  divided  into  ohaptors, 
very  nearly,  or  even  exactly,  upon  the  plan  of  the  original 
Author.  Now  the  Alphabetical  arrangement  would  bear  a 
dose  parallel  with  the  Linnsdan  system  of  Botanical  dassifica- 
tion;  whilst  the  latter  distribution,— the  one  evidently  most 
calculated  to  convey  to  the  learner  a  connect^  rather  than  a 
deiultary  knowledge  of  the  several  objects  of  his  pursuit,  may 
not  unaptly  represent  the  Natural  System. 

487.  It  is  by  seeking  for  the  latter  only,  that  any  of  those 
general  principke  can  ever  be  attained,  which  give  their  chief 
value  to  the  facts  of  Science,  and  which  lead  us  higher  and 
higher  in  the  contemplation  of  that  Almighty  Power  and  Bound- 
less Wisdom  by  which  the  Universe  was  framed ;  for  ihs  Natural 
System  would  be  but  a  Table  of  Contents  of  the  Yegetable 
Kingdom,  arranged  on  the  plan  of  its  Divine  Author.     In  ord^ 
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to  attain  it^  the  Botanist  requires  to  become  aoquunted,  not 
anly  with  all  the  tribes  of  Vegetables  at  present  existing  on  the 
surCeuse  of  the  globe,  but  with  the  forms  and  characters  of  those 
which  have  once  existed;  since— it  cannot  be  doubted — all 
these  constituted  parts  of  the  one  general  scheme,  without  the 
knowledge  of  which  it  would  be  impossible  to  reconstruct  it. 
Now  it  is  well  known  to  the  Botanist,  that  a  very  large  number 
of  the  species  of  Plants  with  which  he  is  somewhat  acquainted, 
have  been  so  imperfectly  examined  and  described,  that  their  true 
place  in  the  system  eannot  be  determined ;  and  there  is  good 
reason  to  believe  that  there  are  many  more  of  which  he  is 
totally  ignorant.  Hore,  therefore,  are  abundant  causes  for  the 
imperfection  of  any  natural  system  which  can  be  at  present 
framed ;  and  should  these  ever  be  removed  by  long-continued 
laboiur  and  research,  there  will  yet  remain  the  other  causes,  re- 
sulting from  the  impossibility  of  becoming  fiilly  acquainted  with 
the  characters  of  the  races,  which  have  existed  in  former  periods 
of  the  earth's  history,  and  which  have  been  swept  completely 
from  its  face.  Of  these,  some  remains  are  occasionally  disco- 
vered, sufficiently  perfect  to  excite  the  liveliest  interest  and 
curiosity,  by  showing  that  races  once  flourished,  which  fill  up 
many  of  the  wide  gaps  existing  between  those  with  whose  cha- 
racters we  are  now  familiar,  and  which,  if  we  knew  more  of 
them,  would  explain  many  things  that  are  at  present  most 
perplexing. 

488.  Some  of  the  strongest  upholders  of  the  Linnsean  system 
are  influenced  by  their  veneration  for  its  author ;  whose  fieune, 
however,  will  rest  on  a  foundation  much  more  durable  than  this. 
It  is  not  generally  known  that  the  advantages  of  the  Natural 
method  have  never  been  more  highly  appreciated,  than  they  were 
by  LinnsBus  himself.  When  he  frumed  an  Artificial  Bystem  for 
the  convenient  arrangement  of  plants,  it  was  with  the  very  pur- 
pose for  which  the  temporary  employment  of  it  has  been  h^re 
recommended, — ^namely,  to  fScudlitate  that  acquaintance  with  the 
Vegetable  Kingdom,  which  must  be  gained  before  a  Natural 
method  can  be  framed.  Linnssus  himself  gave  a  sketch  of  the 
Natural  System,  explaining  the  principles  upon  which  it  might 
be  expected  to  rest ;  and  he  pronounced  the  investigation  of  the 
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natural  affinities  to  be  the  great  object  of  his  studies,  and  tlie 
most  important  part  of  the  science.  He  considered  the  Artificial 
system  as  a  temporary  expedient,  whidi,  however  necessary  at 
that  day,  would  ineyitably  give  place  to  the  system  of  nature,  so 
soon  as  its  fundamental  principles  should  be  discovered*  The 
elucidation  of  the  latter,  he  said,  is  the  first  and  ultimate  aim  of 
Botanists;  to  this  end  the  labour  of  the  greatest  Botanists 
should  be  diligently  directed ;  and  the  merest  fingments  of  this 
system  should  be  carefully  studied.  Though  not  then  fully  dis- 
coyered,  he  spoke  of  the  pursuit  of  it  as  held  in  high  estimation 
by  the  wisest  Botanists,  and  as  being  thought  of  little  conse- 
quence only  by  the  less  learned.  '*  For  a  long  time,"  he  adds, 
*^  I  have  laboured  to  establish  it ;  I  have  made  many  disco- 
Teries,  but  have  not  been  able  to  perfect  it;  yet  while  I  live,  I 
shall  continue  to  labour  for  its  completion.  In  the  mean  time, 
I  have  published  what  I  have  been  able  to  discover ;  and  whoso- 
ever shall  resolve  the  few  plants  which  still  remain,  shall  be  my 
Magnus  Apollo.  Those  are  the  greatest  Botanists,  who  are 
able  to  correct,  augment,  and  perfect  this  method ;  which  those 
who  are  unqualified  should  not  attempt."  Those  therefore,  who, 
priding  themselves  upon  their  being  disciples  of  Linnaus,  con- 
tinue to  employ  his  temporary  and  artificial  system  of  classifica- 
tion, to  the  exclusion  of  one  founded  upon  Natural  principles, 
imagining  that  they  are  upheld  by  his  authority,  quite  mistake  the 
views  of  their  great  master,  and  sadly  misrepresent  his  opinions. 
489.  The  knowledge  of  the  Yegetable  Kingdom  obtained  by 
Linnaeus,  however,  was  iar  too  small  in  amount,  to  enable  him 
to  firame  a  Natural  System  upon  sound  principles.  The  number 
of  species  known  to  liim  was  probably  not  an  eighth  part  of 
those  with  which  Botanists  are  now  acquainted;  and  no 
arrangement,  theref<»re,  could  be  formed,  which  was  not  marked 
by  many  wide  and  unsightly  gaps.  Further,  so  little  was  at 
that  time  known  of  the  internal  arrangement  of  the  organs  of 
plants,  that  even  the  distinction  between  the  two  principal  forms 
of  structure  in  the  stem, — evident  and  well-marked  as  it  now 
appears, — ^was  not  then  understood.  Nevertheless,  with  that 
sagacity  which  so  remarkably  characterised  him,  LinnsBus  suc- 
ceeded in  grouping  together  genera  into  orders,  which  are  even 
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now  regarded  aa,  for  the  most  part,  Tory  natural  aanmUagea^ 
that  is,  aa  ooniaining  jdasta  really  allied  to  each  other  in  their 
meet  important  chaEaotefs,  and  diflfaring  from  thoee  of  other 
orden  in  the  same.  Bat  of  the  beet  mode  of  anraagii^  tlieeo 
orders  he  was  necessarily  ignorant,  since  tiie  mtoit  impertani 
diaraioters  were  not  then  understood.  The  great  progxees  which 
has  been  made  since  his  time,  in  the  Stmotural  and  Physiok>- 
gioal  departments  of  Botanical  Science,  has  done  mnch  to  place 
Glassifioation  on  a  more  certain  basis ;  yet  there  is  still  orach 
wanting,  before  Botanists  shaQ  be  generally  agreed  on  the  prin- 
ciples whidi  shall  regolate  the  divisioii  and  snbdivision  of  the 
Vegetable  Kingdom.  In  the  following  outline,  the  object  is 
less  to  give  a  bare  sketch  of  the  entire  system,  than  to  offer  snch 
a  view  of  it,  as  may  serre  to  diow  its  nature.  It  is  intended  to 
deecribe  most  fnlly  thoee  Orders  to  which  the  greatest  nnmber  of 
British  Plants  belong;  and  to  state  the  rebtions  which  the 
species  of  most  importance  to  man,  whether  as  famishing  artfcles 
of  food,  yaloable  medicines,  or  materials  for  his  Tarioos  arts, 
bear  to  these.  In  so  doing,  it  has  been  deemed  adrisable  to 
adopt  the  Classification  of  De  CandoUe,  bdng  the  one  which  is 
most  in  use  at  the  present  time ;  and  the  principles  upon  whidi 
it  is  founded  will,  therefore,  now  be  explained. 

490.  It  may  be  remarked,  howerer,  in  the  first  place,  as  a 
princii^e  common  to  all  Systems  of  Ghmfication  which  profess 
to  be  Natural,  that  the  different  values  whidi  are  attadied  to 
the  Tarioos  characters  furnished  by  the  several  etgaas  of  phmts, 
diould  be  estimated  by  the  degree  in  which  they  respectively 
indicate  important  similarities  or  difierenoes  ot  general  conforma* 
tion.  It  often  happens  that  attention  to  one  or  two  eharaeteis 
may  a£Ebrd  a  considerable  amount  of  knowledge  of  the  whde ; 
because  those  characters  are  found  to  be  inseparably  connected 
with  others.  An  instance  of  this  has  been  already  given,  in 
regard  to  the  primary  division  between  Exogens  and  Endogens 
($•  478) ;  and  it  may  be  useful  to  illustrate  it  further  by  r^fer* 
enoe  to  the  Animal  kingdom.  If,  for  example,  we  meet  with  an 
Animal  covered  with  feathers,  we  at  onoo  know  a  great  deal  of 
its  internal  structure  and  economy.  It  is  a  FerieiraUd  animal, 
possessing  a  jointed  back-boue  and  complete  internal  skdeton  { 
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it  has  all  five  senses;  its  blood  is  red ;  it  breathes  air;  its  tem- 
perature n  high ;  its  young  are  produced  from  eggs ;  it  walks 
upon  two  legs ;  &c.  he  Here  we  are  at  once  informed  that  thiv 
unknown  animal  possesses  all  the  characters  peculiar  to  the  class 
of  Birds ;  since  no  other  animals  than  Birds  possess  a  coTering 
of  feathers,  whidi  is  inseparably  connected  with  the  whole  plan 
of  their  structure  and  economy.  In  the  same  manner,  the  cla»- 
siiieation  of  the  Mammalia  (Quadrupeds)  according  to  thehr 
teeth,  proposed  by  LinnsBUS,  proves  to  be  a  Tery  natural  one, 
althon^  founded  upon  a  single  set  of  characters ;  becar^  the 
form  and  number  of  the  teeth  yary  with  the  nature  of  the  food 
on  which  the  animal  is  intended  to  live ;  and  to  make  use  of 
this,  a  certain  form  of  digestive  apparatus  is  adapted;  as  well  as 
a  certain  kind  of  general  structure,  furnishing  the  instruments  by 
which  the  food  is  obtained :  so  that  these  may  be  known  to  a 
great  extent  from  the  inspection  of  the  teeth  alone.  In  like 
manner  the  Botanist,  whilst  founding  his  arrangement  upon  the 
whole  group  of  characters  which  each  Plant  exhibits,  endeaTOurs 
to  select  those,  as  marks  for  distinguishing  the  several  divisions, 
which  are  at  once  easily  recognised,  and  which  serve  as  the  best 
key  (so  to  speak)  to  those  which  are  seated  within.  Such  cha- 
racters are  Natural,  then,  in  proportion  as  they  indicate  gmend 
conformity  or  difference  of  structure ;  thus,  the  distribution  of 
the  veins  of  the  leaves, — a  character  easily  recognised, — ^will  in 
general  serve  to  distinguish  Exogens  and  Dicotyledons  from 
Endogens  and  Monocotyledons;  and  it  is  therefore  a  very 
natural  character,  serving  as  a  key  to  all  those  which  are  indi- 
cated by  these  terms.  On  the  other  hand,  the  number  of 
stamens  and  pistils  in  a  flower  is  a  purely  artificial  character, 
since  it  gives  no  further  certain  information  of  the  general  struc- 
ture of  the  plant. 

491.  Another  general  principle  of  Natural  classification  must 
next  be  pointed  out.  When  a  number  of  Plants  or  Animals  are 
associated,  on  account  of  their  general  resemblance  to  each  other, 
into  a  Natural  group,  it  will  be  found  that  the  characters  in 
which  they  agree  are  presented  by  some  members  of  the  group 
much  more  prominently  than  by  others ;  and  that  in  some  they 
are  occasionally  so  much  wanting,  that  these  can  scarcely  be 
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regarded  as  connected  with  the  rest ;  yet  they  would  not  seem  to 
be  more  easily  included  in  any  other  groups.  Now  those  members 
of  a  natural  group  which  most  strikingly  present  a  union  of  all 
the  characters  by  which  it  is  distinguished,  are  spoken  of  as  its 
typei  ;  and  those  in  which  these  characters  are  less  obvious  are 
termed  aberroM  members  of  the  group.  It  is  by  these,  in  fact» 
that  natural  groups  are  connected  with  one  another;  for  it  will 
gmiarally  be  found  that  in  the  aberrant  members  of  one  group, 
its  characters  become  (as  it  were)  gradually  shaded  off,  until  they 
almost  blend  with  those  of  the  next.  To  revert  to  an  illustration 
formerly  (§.  18)  employed; — where  the  countries  occupied  by 
two  nations  are  not  separated  by  any  marked  natural  boundary 
(as  a  broad  river  or  high  chain  of  mountains),  the  peculiar  cha- 
racters of  these  nations,  which  may  be  regarded  as  most  strongly 
exhibited  in  their  respective  chief  towns,  become  gradually 
blended  towards  the  iMNrder  where  they  meet ;  so  that  the  tran- 
sition from  one  to  the  other  is  by  no  means  so  abrupt,  as  if  the 
traveller  were  conveyed  at  once  from  the  metropolis  of  each  to 
that  of  the  other.  Every  natural  group,  then,  may  be  regarded 
as  a  sphere,  surrounded  by  other  spheres — each  representing 
another  group, — ^which  touch  it  at  certain  points ;  the  t^fpe^ev^ 
will  occupy  its  centre ;  and  the  aberrant  members  will  be  dis- 
posed in  Tarious  positions  around  it,  in  proportion  as  they  lose 
it»  peculiar  charact^s  and  approach  other  groups.  For  example, 
the  group  of  Lizards  is  intermediate  between  that  of  Serpents  and 
that  of  Tortoises.  There  are  some  Lizards  in  which  the  body 
and  tail  are  greatly  lengthened,  whilst  the  legs  are  shortened,  so 
that  tiie  form  of  the  Snake  is  approached ;  and  in  the  common 
Slow-worm  or  Blind- worm  of  this  country,  the  external  form  is 
completely  that  of  a  Snake,  whilst  beneath  the  skin  two  pairs  of 
small  though  perfectiy-formed  legs  may  be  found  on  careful 
examination.  This,  then,  is  an  aherrairU  form,  situated  just  on 
the  border  of  both  groups,  and  scarcely  having  a  certain  claim  to 
a  place  in  either.  On  the  other  side,  the  Liiards  are  connected 
with  the  Tortoises  by  an  American  species  commcmly  known 
mider  the  name  of  the  Alligator-Tortoise,  or  Snapping-Turtle, 
wnich  may  be  considered  as  a  Tortoise  with  a  long  Lizard-like 
neck,  legs,  and  tail,  or  as  a  Lizard  with  a  Turtle-shell  on  its  back. 
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The  Lizards  are  connected,  again,  with  Birds  (to  which  they 
wonld  not  seem  to  haye  the  slightest  possible  relation),  by  means 
of  a  yery  curious  animal  not  now  existing,  which  had  the  general 
structure  of  the  Lizards ;  but  which  had  the  fore-legs  oonyerted 
into  wings  like  those  of  a  Bird ;  and  whi«^h  seems  to  haye  been 
coyered  with  something  intermediate  between  scales  and  feathers. 
Many  similar  instances  will  present  tbemfl^lirea  in  the  study  of 
the  Vegetable  Kingdom, 

492.  Hence  when  it  is  stated  that  a  Plant  or  Animal  belongs 
to  a  particular  group,  it  is  by  no  means  necessarily  implied  that  it 
pos9<fases  all  the  charactera  wbicii  are  considered  as  marking  that 
group,  Tbua, — -to  revert  to  an  instance  just  now  employed  in 
iHnstration, — the  structure  of  the  feathers,  whieh  are  gtoerallj 
so  cbaracUrtstic  of  the  class  of  Birds,  is  greatly  modi^ed  in  some 
of  the  species  which  approach  nearest  to  other  group* ;  in  the 
Emu,  for  example  (one  of  the  Ostrich  tribe),  thp  feathers  are 
little  else  than  stiff  brandling  hairs  ;  and  in  the  Penguin,  those 
covering  the  fin-like  wings  resemble  scales.  Soj  again,  in  tlie 
first  Natural  group  of  plants  wliich  we  shall  conaiderj — the  Ra- 
nmicului  or  C?rowfoot  tribe, — there  are  some  species  which  have 
the  parts  of  the  flower  arranged  in  ihrtety  as  in  Endogens ;  jet 
they  are  not  really  such,  for  their  stems  are  Exogenoui,  the 
veining  of  their  leaves  is  netted,  and  their  embryo  is  dicotyledo- 
nous* Again  the  common  Arum  moiuiaium  (Cuckow-pint  or 
Wake-robin)  has  reticulated  leaves ;  but  it  is  not  an  Exogen, 
because  its  stem  is  Endogcnotis,and  its  embryo  monocotyledonous. 
And  the  Pond- weed  {Folamo^eimi)  has  the  parts  of  its  flowers 
arranged  in  fours  ;  yet  it  does  not  belong  to  Exogens,  since  its 
leaves  are  parallel* veined  and  its  embryo  is  monocotyledonous, 

493,  In  considering  the  value  of  the  soTeml  characters 
afforded  by  the  varieties  in  the  structure  of  Plants,  it  will  be 
convenient  to  follow  the  same  order  as  that  which  has  been 
adopted  in  deseribing  that  structure.  The  Elementary  Tissues 
do  not  afford  any  means  of  distinction,  except  in  regard  to  the 
primary  divisions, — the  presence  of  Spiral  Vessels  being  on  the 
whole  characteristic  of  Flowering  Plants  (which  have  been  hence 
termed  Vamdaru)  ;  and  their  absence  being  nearly  constant  in 
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Cryptogamia  (which  have  been  hraoe  termed  CeUular$i).  TheitF 
are  some  of  the  inferior  Phanerogamia,  howeyer,  in  which  ne 
spiral  yeasela  can  be  detected ;  and  in  the  Ferns,  which  stand  at 
the  head  of  the  Cryptogamia,  modifications  of  them  may  be 
found.  However,  if  on  examining  any  portion  of  ^e  fabric  of 
an  unknown  pknt,  spiral  vessds  were  distinctly  seen,  this  might 
be  regarded  as  suffioienUy  indicating  that  the  specimen  belonged 
to  the  higher  of  these  two  groups.  The  peculiarity  of  the  woody 
fibre  in  the  Qmifarm  and  allied  orders  (§.  7B),  together  with  the 
absence  of  the  dotted-dncts  ox  special  sap  vessek,  is  charac- 
teristic of  that  portion  of  the  Phanerogamic  division;  but 
excepting  in  this  instancoi  no  use  can  be  made  of  the  varieties  of 
the  elementary  tissues,  in  defining  the  subdivisions  of  the  classes 
of  Plants. 

494.  The  structure  and  mode  of  increase  of  the  Stem  afford, 
as  already  stated,  Uie  means  of  estaUishing  the  soundest  division 
of  the  Phanorogamia :  and  the  two  groups  of  Exogens  and 
Endogens  are  imiversally  recognised  as  natural  classes.  Between 
these,  however,  there  are  several  connecting  links, — some  Exo- 
gens exhibiting  in  their  stem  no  separation  into  annual  layers, — 
and  some  £ndog«[is,  presenting  an  approach  to  the  Exogenous 
division  of  the  kingdom.  One  small  order  {Cafyctrntkece)  is 
known  by  the  presence  of  four  incomplete  centres  of  vegetation 
surrounding  the  principal  one ;  and  the  Passion-flower  tribe  are 
remarkable  for  having  the  stem  almost  cut  into  four  quarters  t 
whilst  a  square  stem  is  universal  in  the  Dead-Nettle  tribe.  In 
some  orders,  such  as  the  CaetecB  (Prickly-Pear  tribe)  and  EuphoT" 
biac6<B  (Spurge  Tribe),  the  quantity  of  cellular  tissue  usuidly  so 
much  predominates  that  the  stems  are  soft  and  succulent ;  but 
this  is  not  alwajrs  the  case,  some  genera  having  stems  of  the 
ordinary  character.  No  very  positive  characters  can  in  general, 
therefore,  be  drawn  from  the  structure  of  the  stem,  in  dividing 
the  classes  into  sub-classes  and  orders.  Nor  do  the  Roots  afibrd 
any  better  guide ;  since  the  modifications  of  form  of  which  they 
are  susceptiUe  are  very  few,  and  they  are  by  no  means  constant 
in  particular  groups.  As  a  general  rule,  however,  it  may  be 
observed  that  neither  bulb  nor  rhiioma  (§.  140,  150)  are  found 
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hi  ISzogens,  and  that  they  are  confined  to  a  few  orders  among 
Endogens. 

495.  The  Leaves  are  snhject  to  considerable  modifications, 
both  in  position,  form,  and  stmctnre,  which  are  very  useful  in 
classification.  The  general  difierenoes  among  the  leaves  of  Ezo- 
gens,  Endogens,  and  Acrogens,  have  already  been  several  times 
adverted  to.  Hie  relative  position  of  the  leaves,  as  whether 
ahemate,  opposite,  or  verticillate,  is  often  a  very  iroportimt  cha- 
racter ;  bnt  in  regard  to  this,  as  well  as  to  other  characters,  it 
often  happens  that  it  is  of  much  greater  value  in  some  orders 
than  it  is  in  others.  Thus  in  LamwewB  (Dead-Nettles)  they 
are  uniformly  opposite :  so  that  no  plant  can  belong  to  the  order, 
in  which  they  are  alternate  or  verticillate.  In  UrtieaeecB  (the 
Nettle  tribe),  on  the  other  hand,  they  are  constantly  ahemate ; 
so  that  no  opposite-leaved  plant  can  belong  to  the  order.  In  this 
manner  the  common  Dead-Netties  and  Stinging-Nettles  may  be 
at  once  known  from  each  other.  But  in  many  others,  one 
arrangement  is  prevalent,  and  yet  the  other  sometimes  occurs. 
The  degree  of  division  of  the  leaves,  again,  is  subject  to  consi- 
derable uncertainty  in  many  orders,  from  causes  formerly  adverted 
to  (§.  234 — 9);  yet  in  others  a  constant  form  is  maintained; 
thus,  leaves  with  teeth  or  jagged  edges  are  never  found  in  the 
order  CinckonaeecB  (from  which  the  Peruvian  Bark  is  supplied), 
and  they  are  very  rare  in  Endogens.  The  particular  characters 
aiForded  by  the  veining  of  leaves  are  much  more  constant,  as 
formerly  shown  (§.  235),  than  those  derived  from  their  form ; 
and  it  is  probable  that,  as  they  have  only  been  recently  attended 
to,  much  assistance  will  be  obtained  in  classification  from  an 
increased  knowledge  of  them.  A  character  which  would  not  at 
first  sight  appear  of  much  importance,  is  afforded  by  the  presence 
or  absence  of  those  little  dots  in  the  leaves,  which  are  reservoirs 
of  oily  secretions ;  yet  these,  being  connected  as  it  would  seem 
with  some  important  differences  in  the  general  economy,  are 
extremely  characteristic  of  certain  natural  orders,  such  as  Mi/rta- 
eecB  (the  M3n*tle  tribe),  and  Aurantiaeece  (the  Orange  tribe), 
serving  to  distinguish  all  their  members  from  those  of  other  orders 
nearly  allied  to  them.     In  other  orders,  however,  there  are  some 
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genera  with,  and  others  withoat  these  pellacid  dots.  The  dear 
or  milky  character  of  the  jaices  of  the  leaves  and  stalks,  indicat- 
ing as  it  does  the  aheenoe  or  presence  of  certain  secretions  which 
are  characteristic  of  particular  orders,  will  often  prove  of  roncfa 
Qse  in  distinguishing  their  members.  At  the  base  of  the  leaf- 
stalks are  often  fonnd  little  leafy  appendages  (which  are  in  hct 
leaves,  in  an  imperfect  state  of  development),  termed  Stipnles ; 
the  presence  or  absence  of  these  frequently  enables  the  Botanist 
to  distinguish  the  plants  of  two  allied  orders,  of  which  one  pos- 
sesses them,  whilst  the  other  does  not ;  and  certain  peculiarities 
in  them,  which  will  be  hereafter  noticed,  are  ooeasionally  very 
characteristic  of  particular  groups. 

496.  Passing  on  to  the  Flowers,  we  first  have  to  notice  the 
characters  afforded  by  the  bracts ;  these  are  seldom  of  any  use  in 
distinguishing  orders,  on  account  of  their  constant  variation  within 
the  limits  of  each ;  but  they  are  often  valuable  in  separating 
genera  and  species.  The  calyx  is  used  in  a  variety  of  ways  to 
distinguish  orders;  but  the  characters  it  affords  are  far  from 
being  of  equal  or  uniform  importance  throughout.  The  number 
of  sepals  is  sometimes  a  very  useful  and  constant  mark  of  a  par- 
ticular order ;  thus,  in  Cruciferao,  the  Cabbage  and  Turnip  tribe, 
they  are  always  four,  and  in  PapaveracesB,  the  Poppy  tribe, 
alwa3rs  two :  but  in  many  orders  it  is  extremely  variable.  The 
equal  or  differing  size  of  the  sepab  is  another  character  of  great 
importance  in  some  cases,  but  not  to  be  regarded  in  others. 
Again,  the  union  of  the  sepals  by  the  adhesion  of  their  edges,  is 
a  character  to  which  great  value  may  usually  be  attached ;  when 
this  adhesion  unites  all  the  sepals,  the  calyx  is  commonly  said  to 
be  fnono$epaiou$  (single-sepalled) ;  but  the  term  gamofepahut^ 
expressing  the  union  or  adhesion  of  the  sepals,  is  to  be  preferred. 
A  still  more  important  character  is  the  degree  of  adhesion  of  the 
calyx  to  the  organs  it  includes.  Where  it  arises  immediately 
from  the  disk  or  expanded  top  of  the  flower-stalk,  and  where 
the  corolla,  stamens,  and  pistil  are  quite  distinct  from  it,  arinng 
by  themselves  from  the  disk  (as  in  Fig.  127),  the  calyx  is  said  to 
be  infnriar  to  the  ovary,  or  non-adherent  to  it.  But  where  the 
calyx  seems  to  spring  from  the  top  of  the  ovary  or  seed-vessel. 
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instead  of  beneath  it  (as  in  Fig.  129),  it  is  called  superior;  this 
confonnation  is  due  to  the  adhesion  of  the  calyx  to  the  wall  of 
the  oyarinin,  so  that  it  fonns  a  tube  completely  enclosing  it,  as 
in  the  Rose,  Apple,  &c  In  some  plants  the  calyx  is  altogether 
absent ;  and  then  the  general  rule  is  that  the  corolla  is  likewise 
deficient.  Snch  plants  are  said  to  be  AehlamydeauSy  the  essential 
parts  of  their  flowers  being  destitute  of  envelope.  In  the  Com- 
posite, however,  which  possess  a  corolla^  the  calyx  is  present  in 
an  undeveloped  form,  constitutiag  the  dm&n  or  pappus^  which 
surrounds  the  bottom  of  the  corolla,  and  is  attaclied  to  the  top 
of  the  seed-vessel,  ns  in  the  Dandelion. 

497,  In  regard  to  the  number  and  regularity  of  the  parts  of 
the  corolla^  nearly  the  eamc  may  bo  said  as  of  the  calyx*  Thes<; 
characters  are  valuable  in  Bomc  instances  and  not  in  others.  Hie 
separation  or  adhesion  of  tlie  petals,  constituting  what  is  com- 
monly known  as  the  polypetalous  or  monopctalous  corolla,  is 
often  a  character  of  first-rate  importance,  as  will  presently 
appear.  Still,  from  the  cause  formerly  mentioned,  {§.  456)  it  is 
liable  to  some  uncertainty,  and  muBt  not,  therefore j  be  trusted 
too  impltcUlyi  Sometimes  no  corolla  is  to  bo  found,  the  calyx 
still  being  present;  and  the  plant  is  then  said  to  be  apetaimu 
(destitute  of  petals),  or  Monochjam^deout  (bafing  but  one  enve- 
lope)^ Tbb  is  a  character,  however^  on  which  great  rellanc© 
cannot  be  placed;  mw^^ap^alous  genera  fretjuently  prei^nt  them- 
selves, in  orders  which  usually  possess  complete  flowere, — an 
occurrence  which  is  less  common  amongst  monopetalous  Exogens, 
than  among  those  wbiclt  have  separate  petals,  so  that  the 
character  is  of  more  value  in  the  former  than  in  the  latter. 

498.  When  our  attention  is  directed  to  the  mote  essential 
parts  of  the  flowering  system, — the  stamens  and  pistiU — ^e 
meet  with  some  characters  on  which  more  constant  reliance  can 
be  placed ;  but  these  ore  not  among  the  most  obvious,  snch  as 
the  ine^cperienced  Botanist  would  first  attend  to.  For  example, 
the  number  of  stamens  is  a  character  to  which  little  importance 
can  be  attached ;  since  this  i&  liable  to  vary  extremely  among 
the  genera  of  almost  every  order, — in  many  cases  among  the 
species  of  the  same  genus^ — not  unfrequently,  among  individuals 
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of  tlie  same  tpeoies, — and  even  in  different  flowers  on  the  same 
plant.  Yet  there  are  particular  orders,  in  which  the  namber  of 
stamens  is  very  constant  throoghont,  and  is  yery  characteristic 
of  them.  The  most  important  characters  afforded  by  the  stamens, 
are  drawn  from  their  mode  of  origin  from  the  lower  part  of 
the  flower.  They  may  arise,  like 
the  sepals  and  petals,  from  the  disk, 
beneath  the  oyary ;  in  this  case  they 
are  said  to  be  hypoffynout  (this  term 
designating  their  origin  from  bensath 
the  female  part  of  the  flower). 
A  sectional  view  of  a  flower  con- 
structed upon  this  plan  is  shown  in 
Fig.  127 ;  the  sepals  of  the  calyx,  the 
petals  of  the  corolla,  the  stamens,  and 
the  pistil,  are  there  shown  to  be  all 
separately  implanted  on  the  disk. 
But  it  may  happen  that  the  sepals 
and  stamens  arise  together,  (these 
parts  being  opposite  in  a  regular 
flower,  whilst  the  petids  alternate 
with  them  so  as  not  to  prevent  their 
adhesion,  §.  4^),  and  that  they  ad- 
here  for  a  part  of  their  length,  so  that 
the  stamens  appear  to  arise  from  the 
caly:E,  and  come  away  with  it  when 
it  is  detached ;  in  this  case,  or  when 
they  adhere  in  a  similar  manner  to 
the  petals,  they  are  said  to  be 
perigynou»y  having  their  origin  around 
tlie  female  organ.  A  plan  of  such 
a  structure  is  shown  in  Fig.  128. 
Lastly,  when  the  calyx  embraces  the 
ovarium,  it  also  closely  envelops  the 
f tamens,  which  are  not  freed  from  it  except  at  the  top  of  the 
seed-vessel ;  in  this  case,  the  stamens,  appearing  to  arise  from 
the  top  of  the  ovarium,  are  said  to  be  eptgymme^  being  seated 
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fqxm  the  female  organ.  This  mode  of  conformation  is  illustrated 
by  Fig.  129,  which  also  explains  what  was  meant  by  a  superior 
eafyx  (§.  496).  Peculiarities  in  the  mode  in  which  the  anthers 
open  to  disperse  the  pollen  are  sometimes  characteristic  of 
particular  orders;  thus  the  Berberry  and  Laurel  tribes  have 
anthers  bursting  by  valves;  and  the  Heaths  have  anthers 
opening  by  pores  (§.  433).  But  such  peculiarities  are  found  in 
other  genera,  amongst  orders- which  do  not  possess  them  ;  and 
they  must  not,  therefore,  be  implicitly  relied  on. 

499.  Of  all  natural  characters,  those  furnished  by  the  struc- 
ture of  the  central  parts  of  the  flower  are  perhaps  subject  to  the 
fewest  exceptions;  yet  these  are  not  such  as  are  the  most  evident 
to  the  ordinary  observer.  On  the  number  of  styles,  as  already 
stated,  little  reliance  can  be  placed  for  the  establishment  of 
important  distinctions ;  but  as  it  is  less  liable  to  vary  than  is 
that  of  the  stamens,  it  may  often  be  useful  in  the  separation  of 
genera.  A  much  more  decisive  character  is  afforded  by  the 
degree  of  adhesion  among  the  carpels ;  when  they  remain  distinct 
from  each  other,  the  ovary  is  said  to  be  apocarpous  (carpels 
apart);  and  when  they  are  compactly  united,  it  is  termed 
syncarpous  (carpels  together).  There  are  few  natural  orders  in 
which  one  or  other  of  these  conditions  does  not  prevail,  to  the 
entire  exclusion  of  the  other ;  so  that  plants  which  bear  a  strong 
resemblance  in  general  aspect,  but  differ  in  this,  may  be  at  once 
referred  to  their  proper  groups.  The  position  of  the  ovary  in 
respect  to  the  calyx  has  been  already  adverted  to ;  this  character 
is  generally  expressed  by  the  terms  inferior  or  superior  ovary. 
The  presence  or  absence  of  partitions  in  the  ovaries,  is  a  very 
important  distinction.  An  ovary  may  be  one-celled,  because  it 
consists  of  but  a  single  carpel;  or,  being  syncarpous,  it  may 
contain  an  imdivided  cavity,  from  the  obliteration  of  the  par- 
titions, or  dissepiments,  originally  formed  by  the  walls  of  the 
several  adhering  carpels.  In  this  case  the  attachment  of  the 
ovules,  or  placenta,  is  either  central^  the  ovules  being  clustered 
around  a  central  column  (as  in  Fig.  83,  §.  434),  or  parietal, 
where  they  are  attached  to  the  outer  wall  (as  in  Fig.  84). 
Varieties  of  structure  of  this  nature  are  very  important  in  dis- 
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tingaishing  orders.  A  peculiar  enlargement  of  the  receptacle, 
which  sometimes  expands  between  the  bases  of  the  carpels  so  as 
to  separate  them  more  or  less  completely  (§.  470),  as  in  the 
Strawberry,  is  often  very  characteristic  of  particular  orders. 
The  ripened  ovary  or  (hiit  exhibits  namerons  and  remarkable 
differences  in  its  form,  substance,  and  mode  of  dehiscence  (or  its 
manner  of  bursting  when  ripe);  but  these  do  not  usually  receive 
much  attention  from  Botanists ;  since  although  there  are  a  few 
orders  which  are  characterized  by  a  particular  kind  of  fruit,  most 
others  present  numerous  varieties  among  their  different  genera. 

500.  Many  valuable  characters  are  drawn  from  the  seed, 
both  in  its  early  and  mature  conditions.  The  number  of  ovules, 
— ^that  is  to  say,  whether  they  are  definite  or  indefinite, — is 
frequently  an  important  difference;  still  in  some  orders,  there 
are  genera  nearly  allied,  in  one  of  which  the  number  is  definite, 
whilst  it  is  indefinite  in  the  other.  The  position  of  the  ovules  is 
more  essential  than  their  number;  the  chief  distinctions  are 
between  those  which,  rising  upright  from  the  base  of  the  cavity, 
are  termed  erect;  and  those  which,  hanging  from  its  top,  are 
called  pendutoui.  Between  these  two  conditions,  however,  there 
are  other  intermediate  ones.  Such  a  difference  in  the  position  of 
the  ovules  often  serves  to  mark  a  distinct  line  of  separation 
Wtween  the  plants  of  two  groups  that  are  otherwise  nearly  allied. 
In  the  perfect  seed,  the  number  of  cotyledons  is  a  character  of 
primary  importance,  for  distinguishing  the  two  great  classes  of 
Phanerogamia,  as  already  several  times  stated.  Even  this,  how- 
ever, is  subject  to  occasional  exceptions;  for  there  are  Endogenous 
Plants  with  two  cotyledons,  and  some  Exogens  with  only  one, 
or  even  none ;  whilst  again,  some  Exogens  have  several.  As  a 
means  of  distinguishing  orders,  the  presence  or  absence  of  a 
separate  albumen  (§.  439)  is  a  character  of  great  value,  especially 
when  the  embryo  bears  a  very  small  proportion  to  it  in  amount, 
as  in  the  orders  we  shall  first  have  to  consider.  Where,  however, 
the  embryo  and  albumen  are  nearly  equal  in  size,  the  character 
is  of  less  importance ;  so  that  it  is  not  uncommon  to  meet,  in  the 
same  order,  with  some  genera,  of  which  the  embryo  alone  fills 
the  seed,  and  with  others  in  which  a  part  is  occupied  by  albumen ; 
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whilst  in  the  orders  especially  characterized  by  it,  there  is  pro- 
bably not  a  single  genus  in  which  it  is  absent.  It  most  be 
remembered  that  albumen  exists  in  all  seeds  at  an  early  period 
of  their  formation;  and  that  the  subsequent  difference  will  depend 
upon  the  degree  in  which  it  is  absorbed  by  the  embryo. 

501.  Hie  student,  who  has  given  attention  to  the  preceding 
statements,  is  not  unlikely  to  feel  some  perplexity,  on  account  of 
the  constant  uncertainty  which  has  been  stated  to  attend  the 
value  of  the  several  characters  that  have  been  enumerated.  But 
as  he  proceeds  fiurther,  he  will  find  that  this  uncertainty  is  greater 
in  appearance  than  in  reality;  and  that  it  necessarily  results 
from  the  properties  of  a  Natural  Group,  as  already  described. 
In  dividing  the  Vegetable  Kingdom  on  an  Artificial  Method,  it 
seems  very  easy  to  lay  down  a  small  number  of  characters  as  the 
standard ;  and  to  bring  together,  or  to  separate,  Plants,  according 
to  their  conformity  or  variety  in  these.  But,  as  has  been  already 
shown,  when  we  come  to  apply  this  plan,  numerous  difficulties 
are  met  with,  in  consequence  of  the  differences  which  are  of 
constant  occurrence,  among  plants  belonging  to  the  same  genus 
or  even  to  the  same  species  (§.  481);  so  that  even  here,  the 
Botanist  must  be  guided  by  gmercd  resemblance.  Now,  although 
it  is  quite  true  that  no  tingle  characters,  when  traced  throughout 
the  Vegetable  scale,  can  be  relied  on,  as  indicating  the  Natural 
Affinities  of  plants,  yet  experienced  Botanists  have  little  difficulty 
in  defining  each  order,  by  a  certain  combination  of  characters 
which  are  pejuliar  to  it;  and  not  unfrequently,  the  plants 
belonging  to  one  order  may  be  separated  from  those  of  all  other 
groups,  by  some  evident  and  well-marked  peculiarity. 


502.  On  the  foregoing  principles,  the  class  of  Exooens  is 
divided  by  De  Candolle  in  the  following  manner. 

The  first  group  consists  of  those,  of  which  the  Flowers  possess 
both  calyx  and  corolla,  and  in  which  the  petals  of  the  latter  aie 
distinct,  and  which  are  therefore  Polyp^alotu,  This  group  is 
divided  into  two  Sub-classes,  according  to  the  mode  of  insertion 
of  the  stamens. 

aa2 
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8ub-cl«M  1 .  Thalamiflora,  Pol  jpetaloos  Exogens,  in  whkh 
the  stamens  arise  from  the  disk, — ^that  is»  are  Ajy<yy waw.  Some- 
times the  stamens  adhere  slightly  to  the  sides  of  the  oYaiy,  hat 
they  are  never  epigjnons,  nor  perigynons  (§.  496). 

Sub-class  2.  Calyciflorw.  Poljrpetalons  Exogens,  in  which 
the  stamens  arise  from  the  caljz  or  corolla, —  that  is,  are 

In  the  next  Sab-class,  the  flowers,  still  possessing  both  calyx 
and  corolla,  have  the  latter  formed  of  united  petals,  or  are 
McnopetaUnu.  In  this  division,  the  podtion  of  the  stamens  is 
not  regarded  as  a  primary  diaracter. 

Sub-class  3.     CordiyUtrcD,     Monopetalous  Exogens. 

In  the  lowest  group,  the  corolla  is  always  absent,  making  the 
flower  ApetaUnu;  and  the  calyx  is  not  uniformly  present  This 
character  is  regarded  as  sufficiently  marking  the  group. 

Sub-class  4.     ManoehkunydeoB^  Apetalous  Exogens. 

The  object  of  this  classification  is  to  proceed  from  what  are 
considered  the  most  perfectly-organised  Exogens,  to  those  which 
are  least  so.  Thus  all  the  parts  are  present  and  distinct  from 
each  other  in  ThalamiflorcB;  other  things  remaining  the  same, 
the  stamens  adhere  to  the  perianth  in  Calyciflorce;  the  petals 
join  together  in  CoroUiflorcB ;  and  in  Monochkm^dece  first  the 
corolla  disappears,  and  then,  among  the  most  imperfect  orders 
the  calyx  ceases  to  be  developed. 


503.  The  class  of  Endoobns  is  not  divided,  by  De  Candolle, 
into  any  Sub-classes.  It  will,  however,  be  convenient  to  con- 
sider their  orders  as  characterised  by  the  completeness  or  incom- 
pleteness of  their  flowers.  Tlie  Complete  Endogens  may  be 
again  sub-divided  into  those  with  a  »uperior^  and  those  with  an 
inferior  ovarium.  The  orders  having  Incomplete  flowers  are 
separated  into  those,  in  which  a  cluster  of  flowers  is  inclosed  in 
a  single  large  bract,  termed  a  Spathe^  which  is  frequently  coloured 
(as  in  the  Arum  tribe) ;  and  those  in  which  the  perianth  of  each 
flower  is  replaced  by  scale-like  bracts,  as  in  the  Grasses. 
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CLA88  I.  EXOGENS.— SuB-cLAfls  I.  Thalamiflorje. 
Order  Ranunculacbje,  or  Crowfoot  Tribe, 

504.     If  we  •xftmine  the  btiocturo  of  tho  flower  of  the  com- 
mon Crowfoot  or  Buttercup,  so  abundant  in  onr  meadows  as  to 
be  everywhere  easily  found,  we  shall  observe  the  following  to  be 
the  plan  of  its  formation.     Beneath  the  yellow  petals,  there 
may  be  seen  five  small  greenish-yel- 
low leaflets ;  these  are  the  sepdU  of 
the  calyx    (§.  455):    they  fall    off 
shortly  after  the  flower  opens.  Within 
these  wtefive  other  leafy  organs,  of  a 
bright  yellow  colour  on  both  sides, 
which  give  to  the  Buttercup  its  gay 
and  glittering  appearance ;  they  stand 
up  and  form  a  little  cup,  in  the  bot- 
tom of  which  the  other  parts  of  the 
flower  are  curiously  arranged ;  these 
are  the  petals  of  the  corolla.     At  the 
base   of  each  will   be  seen,  on  the 
inside,  a  little  scale,  from  which  honey 
exudes.    Within  the  corolla  are  found 
a  large  number  of  stamens,  with  very 
short  filaments ;  which,  like  the  sepals 
and  petals,    are  all  separately   im- 
planted on  the  receptacle.     Almost 
buried  within  the  stamens,  and  occu- 
pying the  centre  of  the  flower,  are  a  number  of  little  green 
grains,  collected  as  it  were  in  a  heap,  and  seated  upon  a  small 
elevation  of  the  receptacle,  into  which  the  stamens,  petals,  and 
sepals  are  all  separately  inserted.     They  are  too  small  to  be  seen 
readily  without  a  magnifying-glass ;  but  when  enlarged  in  that 
way,  they  are  observed  to  be  rounded  at  the  bottom,  and  con- 
tracted into  a  sort  of'  short  bent  horn  at  the  top.     Each  of  these 
IS  a  single  carpel;  the  horn-like  projection  is  the  etyle  whicn  tv 


Pro.  130.— Flowkr-«talk  of  Mma. 
oow  Crowfoot  ;  on  the  right,  an 
open  flower  and  dry  fruit ;  on  the 
left,  expanding  boda;  a,  a,  hraota; 
^  calyx. 
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bean ;  and  the  tip  of  this,  which  is  rather  more  shining,  and 

somewhat  wider 
than  the  style  it- 
self, is  the  ttigma 
(§.  434).  Every 
one  of  these  car- 
pels contains  a 
single  OTule  or 
young  seed;  itre- 
•  quires,  however, 
some  dexterity  to 
make  its  contents 
apparent.        The 

Fio.  lSl.^PAKn  or  TBB  Fmwss  of  thb  Common  RAirmr-  ovule  when  young, 
ruLUt,  OR  BUTTEBCCP.    1,  One  of  the  petals,  with  the  wale  .  ® 

At  the  bottom  on  the  inner  tide ;  S.  one  of  the  eurelfl*  show-  OCCUpieS      DUt      a 

iof  a,  the  orary,  6,  the  etyle,  and  c,  the  stfgma :  »,  section  of  amnll    nnrt  nf  tliA 

the  unripe  carpel,  thowtag  d,  the  orule  within  it ;  4.  section  «"'*^    t***  *  "*   "*" 

of  the  raatnte  carpel  filled  with  the  aeed    a,  the  embrTO,  cavity  of  the  Car- 
fr,  the  albumen^  5,  the  carpels  and  some  of  the  stameos,         i     •     ▲*  t. 

impUnted  on  Uie  receptacle.  P«»  J  !»  time,  hOW- 

ever,  it  increases, 
SO  as  to  fill  it  completely.  After  the  calyx,  corolla,  and  stamens 
have  fallen  off,  the  cluster  of  carpels  remains  and  ripens  into  the 
fruit  of  the  plant  They  undergo  little  change  of  form,  though 
increasing  in  siae ;  but  they  become  dry,  brown,  and  hard,  re- 
sembling seeds.  Though  they  are  ordinarily  taken  for  such, 
they  are,  as  just  shown,  the  seed-vessels,  each  containing  but  one 
seed.  When  this  is  the  case,  as  it  is  in  Com,  the  carpels  are 
termed  grains.  If  the  grain  be  cut  through,  nothing  but  a  solid 
mass  of  white  flesh  will  be  met  with,  of  which  all  the  portions 
seem  alike ;  unless  the  section  have  passed  exactly  through  the 
centre,  when  there  may  be  distmguished,  near  the  base  of  the 
seed,  a  minute  oval  body,  which  may  be  taken  out  of  the  flesh 
upon  the  point  of  a  needle.  This  oval  body  is  the  embryo  of  the 
young  plant,  with  its  two  eotyUdont;  and  it  b  embedded  in  a 
separate  aUmmen  (§.  439). 

505.  On  looking  at  other  parts  of  the  plant,  it  will  be 
obserred  that  the  leaves  are  dark-green ;  and  that  they  are  very 
much  divided  by  deep  indentations.     It  vnll   further  be  re* 


Digitized  by  VjOOQ IC 


O&OBR   RANUNCULACELS.  351 

marked  that  their  fonn  is  simpler  at  the  upper  part  of  the  stem 
than  near  the  root ;  the  lohes  or  chief  divisions  being  narrow, 
and  not  themselves  divided,  in  the  former  case ;  whilst  in  the 
latter  they  are  more  expanded,  and  their  edges  are  deeply  cleft. 
At  the  bottom  of  the  flower-stalk  may  be  observed  a  couple  of 
small  leafy  bodies,  which  are  the  bracti  (§.  457).  These,  as 
formerly  stated,  are  intermediate  in  character  between  the  true 
leaves  and  the  leafy  portions  of  the  flower ;  and  of  this  fact  the 
species  under  observation  afibrds  a  remarkable  illustration.  Two 
specimens,  pulled  at  random  from  the  nearest  field,  are  now 
before  the  writer ;  in  one  the  bracts  are  simple  in  their  form,  like 
the  sepals  of  the  calyx ;  in  the  other  they  are  cleft  into  three 
lobes,  and  more  resemble  ordinary  leaves. 

506.  Now  the  foregoing  characters  are  those,  by  which  the 
order  RANUNCULACBiB  is  separated  from  other  tribes ;  but  they 
axe  not  all  presented  by  every  plant  which,  on  account  of  its 
general  resemblance,  is  placed  in  the  same  group  with  the  com- 
mon Crowfoot.  For  example,  there  are  some  which  have  3  or 
6  sepals  in  their  calyx,  instead  of  5,  the  regular  number.  The 
petals,  again,  are  sometimes  more  numerous  than  5,  and  some- 
times altogether  wanting.  The  number  of  stamens  is  quite 
indefinite.  That  of  the  styles  is  also  variable,  since  the  styles  of 
the  difierent  carpels  may  unite  into  a  single  one,  or  into  a  small 
number,  or  may  remain  (as  in  the  common  Ranunculus)  entirely 
distinct.  The  number  of  seeds  in  each  carpel  is  not  restricted  to 
one.  It  will  be  asked  then, — what  are  the  egsential  characters 
by  which  this  natural  group  is  marked  ?  They  are  simply  these. 
The  stamens  are  numerous,  and  arise  from  the  disk  beneath  the 
carpels ;  and  the  carpels  are  themselves  distinct.*  The  struc- 
ture of  the  other  parts  of  the  flower  may  or  may  not  be  con- 
formable to  that  of  the  common  Ranunculus ;  and  it  is  in  fact  by 
the  minor  variations,  that  the  order  is  subdivided  into  genera. 
The  greatest  apparent  resemblance  of  the  flowers  of  thlj  group, 

•  Thii  last  character  is  occaiionally  subject  to  exception,  the  carpels  being  more 
or  less  united  in  some  species  ;  but  other  characters  of  resemblance  then  come  to 
the  assistance  of  the  Botanist,  and  enable  him  to  determine  the  place  of  these 
species  in  the  order. 
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18  to  those  of  RosaceA ;  bat  they  may  be  at  once  distinguished 
by  the  potition  of  the  stamens,  which  in  the  latter,  are  adherent 
to  the  calyx,  instead  of  arising  at  once  from  the  receptacle. 

507.  All  the  plants  agreeing  in  these  general  characters,  also 
agree  in  their  properties ;  for  their  juice  is  constantly  acrid  and 
nauseous,  though  in  a  degree  which  varies  in  the  different  species. 
In  some  of  them,  there  is  also  a  certain  amount  of  a  narcotic 
principle.  These  properties  cause  several  species  to  be  useful  in 
medicine,  as  will  be  presently  noticed ;  but  they  prevent  them 
from  being  of  much  utility  as  food,  causing  them  to  be  usually 
rejected  by  cattle,  which  eagerly  devour  the  harmless  plants 
around.  The  RanuncukcesB  further  agree  in  being  either  her- 
baceous or  shrubby  plants,  never  rising  to  the  dignity  of  standard 
trees. 

508.  Of  the  Ranunculus  itself,  many  species  are  natives  of 
Britain.  Among  the  commonest  are  the  R.  aertt  of  our  mea- 
dows, and  the  R,  iceUratus^  or  Celery-leaved  Crowfoot,  of  the 
sides  of  pools  and  ditches.  Both  these  derive  their  specific 
names  from  the  acridity  of  their  juices,  which  excoriate  the  skin, 
and  even  fonn  ulcers  that  are  difficult  to  heal ;  and  the  nmply 
holding  specimens  in  the  hand  for  a  short  time,  will  sometimes 
inflame  its  surface.  Tlie  JR.  aquaiUU^  or  Water-Crowfoot,  is 
one  of  the  least  virulent  of  the  order ;  and  in  some  parts  of  the 
country,  where  it  abounds,  it  is  employed  by  cottagers  as  a 
fodder  for  cows  and  even  horses.  There  is  a  curious  distinction 
between  the  leaves  of  this  species,  some  being  submersed  beneath 
the  water  in  wliich  the  plant  grows,  whilst  others  float  upon  its 
surface;  the  former  are  subdivided  into  a  large  number  of 
rounded  hair-like  filaments ;  whilst  the  latter  are  but  little 
separated  into  lobes.  Some  foreign  species  of  Ranunculus  are 
much  cultivated  in  gardens,  on  account  of  the  beauty  of  their 
flowers,  which  have  a  tendency  to  become  double^  that  is,  to  have 
one  or  more  additional  whorls  of  petals  developed  within  the 
ordinary  corolla,  at  the  expense  of  a  corresponding  number  of 
stamens. 

509.  To  this  group  also  belong  the  well-known  Anemoniet, 
whose  flowers  are  so  attractive  with  their  white,  blue,  or  purple 


Digitized  by  CjOOQIC 


CROWFOOT  TRIBE.  353 

petals,  on  wooded  banks.  In  these  the  petals  and  sepals  cannot 
be  distinguished,  the  whole  perianth  being  coloured  alike.  They 
exhibit  a  remarkable  tendency  to  variation  in  the  character  of  the 
flower,  usually  depending  upon  the  amount  of  nutriment  which 
the  plant  receives  (§.  461).  Sometimes  the  sepals  revert  to  the 
form  of  ordinary  leaves,  whilst  the  petals  exhibit  a  greenish 
tinge,  and  the  stamens  of  the  outer  row  approach  the  petals  in 
character.  The  transformation  may  extend  farther  inwards,— 
the  petals  becoming  quite  green,  the  outer  stamens  resembling 
ordinary  petals,  and  the  inner  ones  presenting  an  approach  to 
the  same  form.  Every  shade  and  variety  of  metamorphosis  may 
be  met  with,  until  all  the  parts  of  the  flower,  carpels  as  well  as 
stamens,  are  found  to  have  been  transformed  into  leaves,  of 
which  the  inner  ones  are  most  simple,  whilst  the  several  whorls 
change  in  their  character  towards  the  form  of  the  exterior  one, 
which  corresponds  with  that  of  the  ordinary  leaves  of  the  plant. 
— When  the  flower  of  the  Anemone  has  dropped  off,  there  is 
seen  in  its  place  a  little  tufb  of  feathery  tails  or  oval  woolly 
heads,  in  place  of  the  clusters  of  grains  which  are  found  in  the 
Ranunculus.  These  tails  are  nothing  but  the  styles  of  the  car- 
pels, grown  large  and  hairy ;  they  probably  serve  the  purpose 
of  icings  by  the  action  of  the  wind  upon  which,  the  carpels  con- 
taining the  seed  are  dispersed. — ^The  Hepaticas  differ  little  from 
Anemonies ;  they  were  once  in  repute  for  their  supposed  medi- 
cinal virtues  in  diseases  of  the  liver ;  but  they  are  now  esteemed 
merely  as  ornamental  garden  plants,  and  it  is  curious  that  they 
may  often  be  seen  to  thrive  when  neglected  in  a  cottage  garden, 
whilst  they  perish  under  greater  care,  as  if  they  were  created 
specially  for  the  pleasure  of  the  poor. 

510.  Another  subdivision  of  the  order  is  that  which  con- 
tains the  ClenuUii^  a  genus  of  climbing  plants,  of  which  the 
species  native  to  Britain  is  known  under  the  name  of  Traveller's 
Joy ;  whilst  another,  which  is  much  cultivated  in  gardens,  is 
commonly  called  Virgin's  Bower.  These  are  almost  the  only 
plants  of  the  order  which  form  woody  stems ;  they  grow  in 
hedges  and  against  walls,  their  petioles  being  prolonged  as  ten- 
drils ;  and,  in  spite  of  the  acridity  of  their  juices,  their  flowers 
are  mostly  fragrant. 
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511.  A  group  which  departs  more  widely  from  tlie  ordinary 
characters  of  the  tribe,  is  that  which  includes  the  HelUboref  and 
their  allies.  The  irregularity  of  these  chiefly  lies  in  the  petals 
and  stamens.  In  the  Trolliiu^  or  globe-flower,  which  inhabits 
moist  mountain  pastures  in  this  country,  and  is  conspicuous  with 
its  large  handsome  flowers,  the  petals  are  contracted  into  little 
linear  bodies,  scarcely  exceeding  the  stamens  in  size ;  and  it  is 
to  the  petalline  character  of  the  sepals,  which  are  usually  about 
15  in  number,  that  their  showy  aspect  is  due.  The  Caltha^  or 
Marsh  Marigold,  which  grows  in  large  tufts  in  wet  meadows 
and  by  the  sides  of  ditches,  has  no  petals  at  all.  The  common 
Green  HelUhore^  abundant  in  woods,  thickets,  and  hedges,  espe- 
cially in  calcareous  soils,  and  the  Stinking  Hellebore^  a  bushy 
plant  of  similar  habits,  are  easily  known  by  their  large  greenish- 
yellow  sepals,  and  their  small  tubular  petals.  A  foreign  species 
of  Hellebore  is  cultivated  in  our  gardens  under  the  name  of 
Christmas  Rose ;  here  the  substitution  of  petals  for  stamens,  and 
the  general  aspect  of  the  plant,  make  the  resemblance  to  the 
order  Rosaceso  very  striking ;  but  the  flowers  are  easily  distin- 
guished by  the  characters  already  mentioned.  The  Hellebores 
were  formerly  in  great  repute  for  their  medicinal  virtues,  espe- 
cially in  the  cure  of  mental  derangement.  The  Black  Hellebore 
of  the  ancients  grew  plentifully  near  Anticyra,  a  city  of  Phocis 
in  Greece ;  whence  arose  the  proverb,  applied  to  any  one  who 
acted  in  an  absurd  manner, — *'  Naviget  Anticyram,^  *'  Let  him 
sail  to  Anticyra."  They  are  now  disused,  however,  as  their 
purgative  properties  are  so  violent,  as  to  render  their  employ- 
ment dangerous.  The  Aquil^ia  or  Columbine,  and  Delphinium^ 
or  Larkspur,  belong  to  this  group ;  a  species  of  each  genus  is  a 
native  of  Britain;  but  others  with  much  more  showy  flowers, 
obtained  from'  abroad,  are  cultivated  in  our  gardens.  They  are 
both  distinguished  by  great  irregularity  in  the  petals,  these 
having  long  tubular  spurs,  of  which  the  small  scale  at  the  bot- 
tom of  the  petal  of  the  Ranunculus  may  be  considered  as  the 
rudiment;  and  in  the  latter,  the  several  petals  differ  inform, 
two  only  being  spurred ;  and  one  of  the  sepals  of  the  calyx  has 
a  horn,  in  which  the  two  spurs  are  hidden.     Both  these  phtnts 
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liave  been  employed  in  medicine,  but  are  now  disused  for  the 
same  reason  as  the  Hellebores. 

512.  The  most  irregular  of  all  the  flowers  we  have  to  notice 
in  this  order,  is  that  of  the  common  Aconite^  ordinarily  known 
as  Wolf's-bane  or  Monk's-hood,  which  is  occasionally  found  wild 
in  this  country,  although  it  has  probably  escaped  from  gardens, 
in  wldch  it  is  much  cultivated,  on  account  of  its  showy  aspect. 
The  sepals  of  this  flower  are  purple-coloured,  like  petals ;  and 
one  of  the  five  is  very  large,  resembling  a  sort  of  helmet,  and 
overshadowing  all  the  other  parts  of  the  flower.  Of  the  petals 
only  two  are  developed ;  and  these  are  so  much  changed  in  form, 
that  they  would  be  scarcely  recognised  as  such  ;  they  are  two 
fleshy  bodies,  mounted  upon  long  stalks,  projecting  into  the 
hollow  of  the  helmet-shaped  sepal.  Three  other  abortive  petals 
may  generally  be  detected  as  little  scales,  when  the  calyx  has 
been  removed.  The  leaves  and  roots  of  the  Aconite  contain 
more  of  the  narcotic  principle  than  those  of  other  plants  of  this 
order :  if  the  former  be  chewed  for  a  few  minutes,  a  curious 
tingling  sensation  is  experienced  in  the  lips,  showing  that  the 
nervous  system  is  immediately  afiected.  The  extract  made 
from  them  has  been  used  with  good  effect  in  many  nervous 
diseases ;  but  in  making  it  great  precaution  is  required,  as  its 
properties  are  destroyed  by  a  very  moderate  degree  of  heat.  In 
this  respect,  the  rest  of  the  tribe  resemble  it ;  and  the  leaves  of 
many,  which  would  be  very  poisonous  when  fresh,  may  be  ren- 
dered wholesome  food  for  cattle  by  drying  them  with  moderate 
warmth. 

513.  The  PcBoniety  much  cultivated  in  our  gardens,  on  account 
of  their  showy  flowers,  are  generally  considered  as  belonging  to 
the  Crowfoot  tribe,  although  differing  from  it  in  some  important 
particulars.  Of  these  we  may  notice  that  the  calyx,  instead  of 
dropping  off  at  an  early  period,  as  in  most  of  the  order,  lasts  as 
long  as  the  flower-stalk  itself;  and  the  carpels,  instead  of  being 
numerous,  are  diminished  to  5  or  even  2,  containing,  however, 
many  seeds,  and  having  an  elongated  form.  In  the  species 
which  is  wild  in  Britain  (though  only  met  with  in  one  or  two 
localities)  there  is  only  a  single  row  of  petals ;  but,  as  in  the 
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Anemone  and  many  plants  of  this  tribe,  the  cnltivated  species 
hare  the  number  very  much  increased,  so  that  the  stamens  may 
be  even  entirely  replaced  by  them,  and  the  onter  ones  then 
approach  the  sepals  in  character.  The  gradual  transition  in  the 
form  of  the  leafy  parts,  between  the  lower  portion  of  the  plants 
and  the  centre  of  the  flower,  which  may  readily  be  observed  in 
the  common  Garden  Paeony,  has  been  already  noticed  (§.457-9). 
514.  As  a  considerable  number  of  stamens  is  characteristic 
of  the  plants  of  the  order  of  Ranunculacee,  when  not  modified 
by  cultiyation,  they  mostly  belong  to  the  LinnsBan  class  Polt- 
ANDRiA.  The  orders  of  this  class  under  which  they  are  included, 
are  different,  according  to  the  number  of  styles  which  are  deve- 
loped. One  British  genus  {AcUbo^  Dane-berry)  allied  to  the 
Pa&onies,  has  but  a  single  carpel  and  style,  and  therefore  belongs 
to  the  order  Mcnogynia^  where  it  is  associated  with  the  plants 
of  the  Poppy  tribe.  The  Pasonies,  Hellebores,  Larkspurs,  Co- 
lumbines, and  Aconites,  have  styles  varpng  in  number  from  2 
to  6,  and  are  placed  in  the  order  Paiea^yniaX/?«0-styled),^an 
example  of  the  very  loose  and  indefinite  application  of  terms  in 
this  kind  of  classification.  The  only  British  genus  associated 
with  them  in  this  order  is  the  StratioUt  or  Water-Soldier,  so 
named  from  its  sword-shaped  leaves,  which  is  an  Endogenous 
pbint  belonging  to  the  Frog-bit  tribe.  The '  Ranunculus,  Ane- 
mone, Clematis,  Marsh-Marigold,  and  their  allies,  having  a  large 
number  of  styles,  are  pbced  together  in  the  order  Pclygynta^ 
which  contains  no  other  British  genus. 


515.  Succeeding  the  Ranunculaceso  in  a  natnral  arrange- 
ment, is  an  order  apparently  very  different  from  it,  of  which  a 
brief  mention  will  suffice.  This  is  the  splendid  Magnolia  tribe, 
of  which  no  species  are  natives  of  this  country,  but  of  which 
more  than  one  has  been  introduced  into  gardens ;  and,  although 
natives  of  warm  climates,  they  thrive  well  in  the  milder  parts  of 
Britain,  if  protected  by  a  wall.  The  Magnolias  are  for  the 
roost  part  large  and  beautiful  trees,  sometimes  attaining  the 
height  of  90  feet,  and  surpassing  almost  all  the  other  denisens  of 
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the  forest  in  their  superb  foliage,  (the  leaves  sometimes  attaining 
the  length  of  three  feet),  and  in  their  magnificent  goblet-shaped 
flowers,  that  look  as  if  they  were  chiselled  out  of  aLibaster.  The 
East  Indian  species  are  most  remarkable  for  the  perfume  they 
diffuse.  It  would  scarcely  be  supposed,  that  these  princes  of  the 
Vegetable  kingdom  should  be  allied  to  the  humble  Crowfoots 
we  have  been  just  considering ;  and  yet  the  structure  of  their 
flowers  sbovvs  tlum  to  bo  so.  The  Magnolia  has  a  calys  of 
three  email  sepals,  and  a  corolla  of  six  petals ;  these  nuinbers, 
though  Taried  in  the  difforent  genera^  are  ueually  multipleB  of 
three.  The  stamens  are  numeroua,  and  arisa  immediately  from 
the  receptacle.  In  the  centre  of  the  flower  there  are  a  large 
nimibpr  of  carpels,  each  containing  a  diatinct  cell,  and  terminated 
by  a  narrow  tb read-shaped  stigma.  In  no  essential  point,  then, 
does  the  flower  of  the  Slagnolta,  as  yet  described,  differ  from 
that  of  the  Ranunciilaceie  ;  there  is  this  important  variation, 
however,^ that  the  carpels  of  the  former  grow  together  in  some 
degree^  so  that  tlie  fruit,  instead  uf  consisting  of  a  cluster  of 
gmins,  as  in  most  of  the  RanunculaceaE^,  appears  as  a  golid 
eone. 

516*  There  ia  a  more  important  difference,  however,  in  the 
leafy  parts  of  the  tree.  There  may  be  found  in  many  plants,  at 
the  hoso  of  each  Leaf-stalk,  a  pair  of  tmall  leafy  bodies,  which  are 
called  stipules,  and  which  are  to  the  leaves  very  much  what  the 
bracts  are  to  the  flowers.  In  the  Magnolia  the  atipnlea  are  large, 
and  perform  an  important  fimction,  to  which  there  is  nothing 
analogous  in  the  Ranunculacese.  Each  of  its  branches  ia  ter- 
minated by  a  little  horn-like  [>rojection,  springing  from  the  base 
of  the  last  leaf;  this  horn  is  a  pair  of  stipules,  rolled  together 
for  tlie  protection  of  the  next  leaf  that  ia  to  be  unfolded.  That 
and  the  next  leaf  has  a  similar  pair  of  stipulea,  which  roll  up 
over  the  still  younger  leaf  lying  at  tlie  base  of  its  yet  undeve- 
loped petiole ;  and  if  the  horn  be  cut  through,  several  generations 
of  leaves  will  be  fuund  thus  enfolded  one  within  the  other.  This 
is  a  characteristic  pecnliarity  of  the  Magnolia  tribe ;  and  it  has 
an  inter^tvng  relation  with  the  circumstances  of  its  growth  ;  for 
the  bud  is  peculiarly  tendcTj  and  retiuires  to  be  protected  from 


Digitized  by  VjOOQIC 


358 


CU8TARD-APPLB  TREB. — COCCCLU8   TRIBIB. 


eold  and  aocidente.  In  oiher  plants  we  meet  with  different 
provisions  for  this  purpose ;  in  this  instance  the  stipules  are  made 
to  perform  the  business  of  protection.  The  different  parts  of  the 
plant,  in  all  the  known  species  of  this  order,  contain,  in  greater 
or  less  degree,  a  bitter  principle,  which  has  been  snccessfully 
used  in  medicine  as  a  tonic,  particularly  in  North  America, 
where  this  tribe  most  abounds ;  but  it  is  not  employed  in  this 
country. 

517.     Allied  to  the  Magnolia  tribe  is  the  order  Anonacejb, 
or  Custard' Appls  tribe,  which  is  confined  to  tropical  climates ;  it 


Fro.  1S9.— Amoka  Squamoia.  or  Owtahd-Applb  :  a,  the  flower ;  b,  fralt ;  e,  the 
same  in  Mction.  thowiiig  the  podtian  of  the  seeds ;  d,  seed ;  e,  tection  of  the  seed. 

is  best  distinguished  by  the  structure  of  its  seed,  the  innermost 
coat  of  which  forms  several  plaits  or  folds,  that  enter  the  albumen. 
The  Custard- Apple  of  the  East  and  West  Indies  is  a  refreshing 
fruit,  combining  an  agreeable  acidity  with  sweetness;  other 
species  of  the  order  have  aromatic  properties. 

518.  Another  tropical  order,  intermediate  between  this  and 
the  one  to  be  next  mentioned,  is  that  of  MENisPERMACsiB,  the 
Coeculus  tribe.  These  are  twining  shrubby  plants,  chiefly  dis- 
tinguished by  the  deficiency  of  parts  in  their  flowers,  which  are 
constantly  unisexual  (the  stamens  and  pistils  never  being  deve- 
loped in  the  same  flower),  and  are  sometimes  dioecious  (§.  435). 
The  number  of  carpels  varies  considerably,  as  doe^  also  their 
degree  of  adhesion ;  so  that  it  is  altogether  difficult  to  charac- 
terise the  order,  the  different  genera  of  which,  however,  corres- 
pond remarkably  in  the  medicinal  characters  that  render  it 
chiefly  interesting.  The  root  is  bitter  and  aromatic ;  that  com- 
monly known  as  Columbo  root  is  much  employed  in  this  country 
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as  a  tonic  and  stomachic ;  and  that  of  other  species  is  used  for 
the  same  purpose,  in  the  countries  of  which  they  are  respectiTely 
natives.  On  the  other  hand,  the  seeds  of  most  of  them  are 
narcotic,  in  yarious  degrees.  The  drug  named  Cocculus  Indicus 
is  the  seed  of  an  Indian  Menispermum  ;  it  has  been  much  em- 
ployed by  brewers  in  this  country  to  heighten  the  intoxicating 
properties  of  their  malt  liquor,  so  that  it  is  now  illegal  for  a 
brewer  even  to  haye  the  article  in  his  possession ;  it  has  also  been 
employed  by  poachers  to  capture  fish,  which  it  causes  to  become 
powerless  and  to  float  on  the  water.  A  large  quantity  is  im- 
ported into  this  country,  in  spite  of  the  illicit  nature  of  the  uses 
to  which  alone  it  can  be  applied. 

519.  Another  interesting  order,  possessing  the  same  general 
structure,  but  having  very  different  properties,  is  that  of  Ber- 
BBRiDBJB,  represented  in  Britain  by  the  common  Berberry,  a 
shrubby  plant,  frequent  in  hedges  and  plantations,  and  well 
known  from  the  bunches  of  red  succulent  acid  fruit  which  it  bears. 
The  branches  of  this  bush  are  covered  with  sharp  spines,  in  sets 
of  three  or  more ;  and  from  the  base  of  each  set  the  leaves  arise. 
Now  these  spines  are  nothing  else  than  the  hardened  veins  of  the 
first-produced  leaves  of  each  bud,  between  which  the  fleshy 
tissue  is  not  developed  (§.  286);  and  this  will  become  evident, 
on  looking  at  a  very  vigorous  shoot  of  the  plant,  which  will 
exhibit  at  some  points  the  space  nearly  filled  up  with  parenchyma; 
at  others  partly  so ;  and  at  others,  the  spines  entirely  bare.  This 
is  not,  however,  an  universal  character  of  the  order ;  but  it  is 
one  which  marks  the  common  epedet  before  us,  as  well  as  many 
others.  The  flowers  present  several  interesting  peculiarities. 
Their  parte  are  generally  arranged  in  threes,  the  number  of 
sepals,  petals,  and  stamens,  being  six  in  the  common  Berberry. 
The  anthers  open  by  valves,  in  the  manner  formerly  described 
(§.  432),  which  character  is  sufficiently  distinctive  of  this  order ; 
and  the  stamens  possess  a  curious  irritability,  which  also  has  been 
already  noticed  (§.  421).  The  position  of  the  stamens  is  peculiar, 
being  opponte  to  the  petals, — a  character  which  the  Menispermete 
share  with  them  (§.  463 — 5).  The  ovary  consists  of  only  a 
single  carpel,  containing  from  one  to  three  seeds ;  and  it  is  this 
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which  in  time  changes  to  the  obloog  scarlet  berry  of  the  common 
Berberry,  which  genus  of  coarse  belongs  to  the  LinnaMin  class 


Fio.  133.— EpiMSDnni  Alpiicum,  and  Bbruris  Sibbbica. 

Hexandria,  and  order  Monoppnia.  The  British  Epimedium 
or  Barren- wort,  howcTer,  possessing  only  four  stamens,  is  referred 
to  the  class  Tetrandria  ;  but  there  is  a  North  American  species 
which  conforms  to  the  general  type  in  possessing  six  stamens. 

520.  Another  order  which  may  be  briefly  noticed,  is  that  of 
Nymphacejb,  the  Water-Lily  tribe ;  the  two  common  species  of 
which, — the  White  and  Yellow  Water-Lily  (belonging,  howcTcr, 
to  different  genera) — are  sufficiently  well  known.  Much  con- 
troversy has  taken  place,  as  to  whether  this  order  is  to  be  ranked 
amon^  Exogens  or  Endogens,  as  its  herbaceous  stem  does  not 
afford  the  means  of  satisfactory  determination,  and  the  structure 
of  its  leaves  is  such  as  might  agree  with  either  group.  Here, 
however,  the  number  of  the  parts  of  the  flower,  which  are 
arranged  in  fivesy  affords  important  assistance ;  and,  in  spite  of 
some  general  resemblance  which  the  Water-Lilies  bear  to  the 
Water-Plantains,  this  fact  would  lead  us  to  rank  the  order  with 
Exogens,  of  which  the  number  five  is  characteristic,  whilst  it 
never  presents  itself  in  Endogens.  The  structure  of  the  seed 
confirms  this  conclusion  ;  for  the  embryo  is  a  little  dicotyledonous 
body,  enclosed  in  a  peculiar  bag  which  separates  it  from  the 
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ftlbnmen ;  this  bag  has  been  mistaken  for  a  cotyledon,  wrapping 
romid  the  embryo,  whose  real  cotyledons  were  OYerlooked ;  so 
that  the  seed  has  been  erroneously  considered  monocotyledonons. 
521 .  The  flower  of  the  White  Water-Lily  offers  many  points 
of  interest.  It  consists  of  about  twenty-five  thiokish  oblong 
leaves  of  a  white  colour,  arranged  in  whorls  of  five  each ;  the 
five  external  ones  are  green  at  the  back,  and  may  be  regarded  as 
forming  the  calyx ;  towards  the  interior  of  the  flower,  the  petals 
gradually  become  smaller,  and  are  tipped  with  yellow  at  their 
points,  which  are  thickened.  From  these  a  very  gradual  transi- 
tion takes  plate  towards  the  form  of  the  stamen,  as  heretofore 
described  (§.  460) ;  and  the  inner  rows  of  stamens  (which  are 
usually  all  together  about  50  in  number)  shorten  and  produce  less 
perfect  anthers.  The  ovary  has  the  lower  floral  leaves  adherent 
to  it,  so  that  the  stamens  appear  to  arise  from  just  below  the 
stigmas.  It  consists  of  ten  or  eleven  distinct  carpels,  which 
adhere  closely  together ;  their  several  walls  still  forming  com- 
plete partitions  in  the  ovary,  each  chamber  or  cell  of  which 
contains  a  large  number  of  ovules.  The  ovary  is  surmounted  by 
a  number  of  orange-coloured  stigmas,  radiating  from  the  centre, 
very  much  as  in  the  Poppy ;  but  as  they  are  all  united  at  the 
centre,  they  are  considered  as  forming  but  a  single  pistil ;  and  the 
plants  of  this  order  are  therefore  arranged,  with  those  of  the 
Poppy  tribe,  in  the  Linniean  class  and  order  Polyandria  Mono- 
gynia.  They  agree  in  possessing  some  bitterness  and  astringency 
in  their  juices ;  and  also  in  being  all  floating  plants.  They  are 
most  abundant  in  the  northern  hemisphere,  and  have  been  said 
to  be  entirely  absent  from  South  America;  but  a  species  has 
been  recently  discovered  there,  which  in  size  and  splendour  far 
surpasses  all  others.  This  is  the  Victoria  regalii;  of  which  the 
leaf  is  from  5  to  6  feet  in  diameter,  salver-shaped,  with  a  rim 
rising  from  its  edge,  of  from  3  to  5  inches  high,  green  inside  and 
crimson  on  the  exterior.  The  flower  is  of  proportional  dimen- 
sions, the  expanded  calyx  sometimes  attaining  a  diameter  of  23 
inches ;  this  contains  several  hundred  petals,  which  are  at  first  of 
a  white  hue,  passing  gradually  towards  pink  in  the  centre,  and 
those  nearest  it  becoming  pink  throughout.     As  in  the  common 
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Fra.  134. 


White  Water-lily,  the  petals  gradually  dumge  into  stameiis 

towards  the  intorior  of  the  flower;  thoee  next  the  calyx  are 

fleshy  and  contain  air-cells,  which  most  contribate  towards  the 

booyancy  of  the  flower.  Their  sweet  scent  enhances  its  beauty. 
522.     The  small  Order  Fumariacka,  or  Fumitory  tribe,  is 

chiefly  desenring  of  notice,  on  account  of  its  containing  somo 

British   species,   of  which    one  is 

among  onr  most  common  wild  plants. 

Their  flowers  are  remarkable  for 

only  possessing  two  sepals  in  the 

calyx,  and  four  petals  which  are 

parallel  to  each  other,  the  outer  one 

having  a  little  cavity  or  pocket  near 

its  base ;  they  are  also  remarkable  for  never  completely  unfolding, 

the  inner  petals  remaining  adher- 
ent at  the  top,  so  as  to  endoee 
the  anthers  and  stigma.  The 
stamens  are  six,  and  are  united 
into  two  parcels,  whence  the  fiEonily 
belongs  to  the  LinnsBan  class  Dia- 
DELPHiA.  The  ovarium  contains 
but  a  single  cell,  being  formed  by 
only  one  caipel,  or  by  the  union 
of  two  without  a  partition;  and 
the  ovules,  which  are  sometimes 
single  and  sometimes  numerous, 
are  attached  in  a  horiaontal  direc- 
tion. This  order,  which  is  prin- 
cipally found  in  the  temperate 
latitudes  of  the  northern  hemi- 
sphere, is  characterised  by  no  pro- 
perties worthy  of  special  notice. 


Fro.  135.— FWARIA  LI;TSA. 
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Order  Papayeracelb   or  Poppy  Tribe. 

523.    The  common  British  species  of  this  order  are  well 
known  as  the  plagne  of  the  former,  coming  np  as  rank  weeds 

in  his  corn-field  ;  and  another 
epeciei  is  important  as  yield- 
ing a  product^  which,  used  with 
discretion,  is  one  of  the  most 
valuable  medicinea  we  possess, 
but  which,  by  the  folly  of  Man^ 
has  become  the  hane  of  mi]- 
lions.  If  any  of  t!ie  common 
gpecies  of  Poppy  be  examined, 
they  will  be  found  to  bear  a 
coDiiderable  general  resem- 
blance to  tha  RanuDculaceic. 
The  leaves  aro  much  divided, 
and  the  itamens  are  numerous^ 
arising  from  under  the  carpels* 
Unlike  the  Crowfoot  and  its 
Firt.  i:i6.-LKAr  ato  FLOfrsa  or  th«  aUies,  bowcvcr,  the  carpels  are 
rjAKMi>.«'jii^«.  Pt»PPY,«bjb|di^  the  lour  not  Separate  from  one  another, 

but  are  united  together  into 
a  single  ovariam ;  no  styles  are  present  ^  and  the  stigmas 
are  elevated  hairy 
lines,  which  spread 
equally  &om  the 
top  of  the  OTaryj 
forming  a  sort  of 
star-like  crown*  If 
the  ovary  be  open- 
ed, it  will  be  found 

to  contain   but  one       f,o.  isj^—Pah,  of  thk  Funrte  tifLAWSu:  1,  a  flown 

cell     or    cavity  * *'"*'*  showtnR  the  two  avpuXt  which  «iic]oc«  it  j  2,  th^  o^aqr 

.  wiih\U  raibUog  itfgmu  ;  3,  ttaa  <iwy  cat  open. 

several   little  par- 
titions, however,  project  from  the  sides  towards  the  centre ;  and 

Bi2 
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these  are  covered  with  numerous  and  very  mnall  ovules  or  young 
seeds.  The  common  Poppy  has  a  calyx  of  only  two  sepals, 
which  completely  inclose  the  bud  before  it  expands ;  and  within 
this  is  a  corolla  of  four  petals.  Some  of  the  tribe,  however, 
possess  three  sepals  and  six  petals ;  but  the  former  is  the  ordi- 
nary number.  If  the  stem  or  leaf  of  a  Poppy  be  broken,  a  milky 
juice  runs  out ;  and  its  whiteness  is  due  to  the  narcotic  substance, 
cpiumy  which  is  di£fused  through  it;  and  also,  perhaps,  to  a 
larger  proportion  of  Caoutchouc  than  most  Vegetable  juices  con- 
tain. The  Crowfoot  tribe  have  a  clear  juice ;  and  this  difference, 
connected  as  it  is  with  a  great  difference  in  the  properties  of  the 
respective  groups  of  plants,  is  a  very  characteristic  one.  But 
independently  of  this,  the  well-marked  difference  in  the  con- 
struction of  the  ovary,  takes  away  all  difficulty  in  distinguishing 
these  two  orders  from  each  other. 

524.  The  calyx  very  early  ffdls  off, — a  character  by  which 
this  order  may  be  distinguished  from  others  of  less  importance. 
As  the  ovary  ripens,  the  exterior  becomes  very  hard  and  brittle, 
forming  a  hollow  box  termed  a  oapnds^  with  a  brownish-yellow 
shelL  The  seeds,  when  mature,  separate  from  their  attachments, 
and  may  be  shaken  loosely  in  their  case.  In  this  condition,  the 
capsules  are  well  known  as  Poppy-heads,  being  kept  in  druggists* 
shops,  on  account  of  the  mild  narcotic  properties,  which  give  the 
water  in  which  they  have  been  boiled  some  soothing  effects  when 
applied  as  a  fomentation.  So  hard  and  firm  is  the  shell  of  the 
capsule,  that  the  seeds  could  not  find  their  way  out,  unless  per- 
mitted to  do  so  by  a  particular  contrivance.  Just  beneath  the 
lid,  which  is  firmly  bound  down  to  the  lower  part  by  the  hardened 
stigmas,  there  is  a  set  of  little  valves,  which  open  in  the  intervals 
of  these  (as  shown  at  2,  Fig.  137) :  and  through  these,  the  seeds 
fall  out.  The  structure  of  the  Poppy-capsule  is  easily  understood, 
by  imagining  that  the  several  carpels  have  adhered  together, 
their  walls  being  flattened  against  each  other,  just  as  in  the 
Orange;  but  that  the  central  portion  formed  by  the  union  of 
these  has  not  been  developed,  so  that  the  partitions  are  incom- 
plete, though  still  projecting  more  from  the  sides,  than  they  do 
in  the  Heartsease  (§.  434,  Fig.  84).    In  each  case,  as  the  seeds 
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are  attached  to  a  placenta,  which  springs  from  the  wall,  and  not 
from  the  centre  of  the  seed-vessel,  the  placenta  is  said  to  be 
parietal.  In  the  true  Poppies,  the  number  of  plaoentsd^  marking 
the  number  of  united  carpels,  is  considerable ;  but  in  a  British 
genus  (Glaudum)  commonly  known  as  the  Homed  Poppy,  the 
ovary  is  formed  of  only  two  carpels  grown  together ;  and  these, 
when  ripe,  look  like  long  slender  but  stiff  horns,  whence  the 
ammum  name  is  derived.  The  tdentifie  name  is  founded  on  the 
sea-green  hue  of  the  stems  and  leaves,  which  look  as  if  the  sur- 
face had  been  encrusted  with  the  salt  spray.  Allied  to  the 
Homed  Poppy  (which  grows  chiefly  on  the  sea-shore)  is  a  plant 
termed  Celandine  CCheUdoniumJy  having  pale  green  leaves  and 
rather  small  yeUow  flowers  which  -grow  in  umbels  (as  in  the  tribe 
of  Umhelliferm^  hereafter  to  be  described),  and  frequenting  waste 
pUices,  especially  near  towns  and  villages.  This  still  more 
departs  from  the  ordinary  type  of  the  Poppy  tribe,  in  the  stracture 
of  its  seed-vessel ;  which  consists  of  a  single  pod  separating  ivhen 
ripe  into  two  valves,  as  in  the  Pea  tribe. 

525.  A  very  curious  anomaly  is  met  with  in  a  foreign  genus 
belonging  to  this  order,  the  E$ck§cholUfia*  The  flower  of  this 
plant,  before  it  expands,  is  enclosed  in  a  taper-pointed  green 
sheath,  which  is  pushed  off  by  degrees  as  the  petiJs  unfold,  and 
at  last  drops  to  the  ground.  This  extinguisher-like  organ  would 
seem  to  be  something  entirely  new.  If  carefrdly  examined,  how- 
ever, it  is  found  to  be  nothing  else  than  the  calyx,  of  which  the 
two  sepals  have  adhered  so  finnly,  that  they  will  not  separate, 
in  the  ordinary  manner^  to  admit  of  the  expansion  of  the  flower; 
and  as  it  must  be  got  rid  of  in  some  way,  nature  has  provided 
the  means  of  throwing  it  off,  by  making  its  attachment  weak  at 
the  base,  from  which  it  is  disengaged.  This  adhesion  of  two 
parts  growing  in  contact  with  ^»ch  other,  is  a  very  common 
occurrence  in  Plants;  and  several  instances  of  it  will  hereafter 
occur. 

526.  The  plants  of  this  order  exhibit,  in  a  greater  or  leas 
degree,  the  same  tendency  to  variation,  which  has  been  noticed 
in  the  Banunculacesd.  This  is  especially  the  case  with  the  White 
Poppy,  which  is  cultivated  in  gardens  on  account  of  the  showy 
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appeanmoe  of  it6  flowen,  wben  seyenl  additional  whorls  of 
petab  bare  been  devdoped  at  the  expoise  of  the  stamens.  Its 
colour,  also,  has  a  tendencj  to  change,  bat  generallj  to  light 
shades  of  purple.  The  deep  scarlet  Poppies,  so  abundant  in 
corn-fields,  are  not  so  prone  to  Tanation. 

527.  All  the  PapaveracesB  possess  narcotic  properties  in  more 
or  less  intensity ;  but  these  properties  are  not  common  to  the 
whole  plant,  being  only  manifested  by  those  parts  which  abound 
in  the  milky  juice.  Thus  from  the  petals  of  the  Bed  Poppy  a 
syrup  is  made,  which  is  used  to  colour  medicines,  on  accoimt  of 
its  beautiful  deep-red  hue;  but  this  is  perfectly  destitute  of 
medicinal  properties.  The  seeds,  again,  yield  a  large  quantity  of 
a  fixed  oil,  which  is  quite  free  from  any  narcotic  quality  (§.  371). 
From  the  ripening  capsules,  howcTer,  especially  of  the  White 
Poppy,  the  milky  juice  may  be  obtained  in  large  quantities;  and 
it  is  from  this  source  that  all  the  cpiumy  obtained  fur  medicinal 
and  other  purposes,  is  deriyed.  The  properties  of  this  drug,  and 
the  enormous  amount  of  it  consumed,  have  been  already  remarked 
upon  (§.  384 — 5) ;  and  the  account  need  not  here  be  repeated. 
It  may  be  desirable  to  mention,  however,  that  a  Sj^rup  is  made 
from  the  White  as  well  as  from  ^e  Red  Poppy ;  and  that  the 
former  possesses  narcotic  properties,  from  which  the  latter  is 
wholly  free.  It  should  be  used,  therefore,  by  unprofessional 
persons  with  great  caution.  There  is  too  much  reason  to  betiere^ 
that  the  lives  of  many  infants  have  been  destroyed,  by  the 
administration  of  tea-spoonful  after  tea-spoonful  of  White-Poppy 
Syrup,  given  by  ignorant  nurses  or  mothers,  with  the  idea  of 
temporarily  soothing  them.  And  it  is  also  well  known,  that  the 
injudicious  use  of  many  excellent  popular  medicines,  into  the 
composition  of  which  opium  enters  in  unknown  quantity  (such  as 
Godfrey's  Cordial,  and  Daffy's  Elixir),  has  been  productive  of 
equally  fatal  effects.  It  cannot  be  too  strongly  impressed  on 
those  who  have  the  management  of  infants,  that  they  are 
susceptible  of  the  influence  of  narcotics  in  a  far  higher  degree, 
than  of  that  of  purgative  and  other  medicines ;  so  that  whilst  an 
infant  may  safely  take  a  grain  of  calomel,  or  three  or  four  of 
jalap, — one-fifth  of  the  ordinary  doses  for  adults, — a  ringle  drop 
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of  landanam  is  as  much  as  it  is  usually  safe  to  give,  the  dose  for 
an  adalt  beiog  twenty  times  as  mnch. 

528.  Ail  tbe  Papayeracen  belong  to  the  Linnsaan  Class 
PoLYANDRiA,  and  to  the  order  Manoffynia;  the  style  being 
apparently  single,  though  formed  by  the  union  of  many. 

Onkr  Critcifeb^  4yr  Turnip  THU, 

529*     TbU  order  ia  one  of  the  moat  important  to  Man,  in 
respect  to  the  amount  of  wholesome  food  which  he  directly  or 
indirectly  derives  from  it^  of  the  entire  group  of  Eiogensa.     It 
comprehenda  the  Turnip,  Cabbage,  Sea  Kalcf,  Mustard,  Cress, 
Badiah,  and  other  edible  Vegetables;  as  well  as  tbe  Rape,  culti* 
Tated  for  the  oil  yielded  by  iu  aeedj  and  Stocks  and  Wall- 
flowers, valued  as  showy  garden- plants.      As  the  flowers  are 
generally  small,  there  might  be  eome  difficulty  in  recogniaing 
them ;  were  it  not  that  they  are  marked  by  very  obvious  cha- 
racters, which  are  easily  observed  ^  and  can  scarcely  be  mjatakeu. 
One  of  these  charactera  is  derived  from  the  number  and  arrange- 
ment of  the  stamena  ;  which  througiiont  the  whole  of  this  order 
are  scarcely  subject  to  variation,  and  which  are  not  presented  by 
any  pi  ant  a  that  do  not  belong  to  It.     Tbe  number  of  stamens  is 
six ;  but  four  of  these  are  longer  than  the  rest ;  m  that  they 
would  be  characterised  in  Linn^san  clasaifi cation  as  Mrtjdynarmut 
(§.  483) ;  and  in  fact  the  Linnsean  class  Tethadvnamia,  and  tliia 
order  Crtmfirm,  correspond  preciaely.     The  arrange- 
ment of  these  stamens,  somewhat  in  the  form  of  a 
•  r^  S  Maltese  cross,  is  another  peculiarity,  from  which  the 
name  of  the  order  is  derived  i  the  four  long  stamens 
*  ®       are  placed  above  and  below,  and  the  two  shorter  onea 
FHi,im     ^^  ^^^  ^\^GA,    Same  other  leaa  constant  charactei^  will 
be  noticed  as  we  proceed. 

530.  A  good  example  of  this  Order  will  be  found  in  a  com- 
mon weed,  named  Shepherd's  Purm  {Capsella  Bursa  pa^tona), 
wliioh  may  be  found  almost  everywhere,  and  at  all  but  tbe  coldeai 
seasons  of  the  year.    Its  name  seems  to  have  been  derived 
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from  its  posBeanng  a  number  of  poaches,  filled  with  very 
small  seeds,  which  might  be  imagined  to  be  fairy  coins.      The 

flowers,  in  this  plant,  are 
arranged  upon  the  stem  in  the 
form  which  is  termed  a  raetme; 
by  which  it  is  meant,  that  they 
spring  from  it  by  short  stalks 
nearly  of  equal  length,  which 
arise  at  intervals ;  a  bunch  of 
Currants  is  a  very  good  illus- 
traticm  of  this  form.  It  will 
be  observed  that  they  are 
destitute  of  bracts ;  the  entire 
absence  of  which  is  a  peculiarity 
of  this  order ;  although  many 
genera  of  other  orders  are  also 
distinguished  by  it.  The  calyx 
is  formed  of  four  little  sepals ; 
and  within  these  are  four  voy 
Fie.  i39.-8.«,«u>..  Pr«.;  A.  whole  wnaU  white  petals ;  the  regular 
floww  6Qiafged ;  B,  aftanMBs  and  pfatU;  c,  arrangement  of  which  increases 

harI«nt1.ectiaaafor«ium.  ^^    cross-like    aspect   of     the 

flower.  The  stamens  alternate  with  the  petals,  and  are  opposite 
the  sepals.  The  pistil  is  an  oval  green  body,  shaped  something 
like  a  wedge ;  on  the  summit  of  which  is  a  cushion-like  stigma, 
mounted  on  an  extremely  short  style.  If  the  ovary  be  cut  open, 
it  will  be  found  to  contain  two  cells,  each  of  which  includes  a 
number  of  ovules  hanging  by  slender  thread-like  stalks.  It  will 
be  observed,  however,  that  the  ovules  do  not  originate  from  one 
central  placenta,  but  from  one  attached  to  each  side-wall  of  the 
ovary ;  and  this  explains  to  us  (as  will  presently  appear)  the 
reason  why  the  ovary  is  very  often  one-celled  in  this  order,  and 
also  the  peculiar  mode  of  dehiscenoe  of  the  seed-vessel.  The  fruit 
becomes  a  flat  wedge-shaped  body,  composed  of  three  pieoee,  two 
of  which,  the  wdve$^  separate  from  the  third,  which  is  named  the 
dmepimerU;  and  it  is  to  the  edges  of  this  third  piece  that  tlie 
seeds  are  united.     Now  each  valve  is  a  carpellary  leaf,  the  two 
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edges  of  which  are  not  enturely  folded  in ;  and  the  ovules  arise, 
^      j^  therefore,  from  a  placenta  formed  hy  the 

tliickened  edges  of  each  leaf,  ao  that  there 
are  really  four  separate  placenta,  &a  is 
indicated  bf  the  four  d  liferent  direct!  on  a  m 
which  the  ovules  lie  (Fig.  140,  C),  But 
the  contiguous  pkcentco  of  the  two  carpels 
unite  together,  arid  project  towards  tha 
middle  of  the  ovarium  ;  and  in  this  instance 
the  opposite  ones  meet  each  other,  so  oa 
to  form  a  complete  partition.  In  many 
Cruciferous  plants,  on  the  other  hand,  they 
do  not  meet ;  ao  that  the  ovary  is  one-celled, 
and  as  the  o rules  are  attached  to  its  eides^ 
the  placentffi  are  said  to  be  paHetaL  The 
form  of  the  fruit  differs  in  the  difl^rent 
genera  of  the  orders  being,  as  formerly 
in  the  Linua&an  Classificatioti 
Bometimes,  aa  in  tbo  present 
D,  BoctiuD  of  peed,  jnstanct?,  a  short  pod  or  tUhula;  and  some- 
times a  long  pod  or  iUiqua^  aa  in  the  Turnip  and  Cabbage, 
Stock,  and  WaU-fiower,  This  distinction  is  not  employed, 
however,  to  subdivide  the  order  in  the  Natural  §yatem  ;  since  it 
is  not  found  to  bring  together  the  plants  that  have  really  the 
nearest  alliance  ;  and  Botanists  found  their  claasification  of  the 
genera  (which,  on  account  of  their  great  number,  need  to  be 
a^ociated  in  groups)  upon  certain  minute  distinctions  presented 
by  the  embryo-  Tbroughout  the  order,  however,  the  itnicture 
of  the  seed  is  different  from  that  which  has  been  elsewhere  seeuj 
for  it  is  entirely  destitute  of  albumen;  and  the  embryo  is  doubled 
upon  itself.     (Fig.  140,  D). 

53  L  AH  the  plants  of  this  order  are  herbaceous,  and  most  of 
them  are  annual.  The  flowers  are  usually  yellow  or  white,  less 
commonly  purple.  It  is  remarkable  that,  whilst  the  characters 
of  the  order  are  so  oonstantj  those  of  the  individual  are  liable  to 
such  great  variation.  This  is  evident  in  the  species  which  are 
cultivated  for  the  beauty  of  their  blossom s,  such  as  the  Stock 


Fiff.  l4a_A ,  rlpo  fruit : 
9,  fl*  the  voItch  :  6,  thB 
dl»epiineiit  B,  dfimcpl- 
mcnt  wero  in  iWmt.  with  thfi 
marka  of  the  plJKH-s  to  w  hlflh    ^^j|  plaiuCd 

dliwptineiit  *Uh  tecdj  ftt-    \^-    -«» A 
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and  Wall-flower ;  aa  long  as  the  flowers  remain  single,  however, 
they  are  not  valued  by  the  florist ;  bnt  it  is  their  tendency  to 
become  doable,  by  the  development  of  petals  in  the  place  of 
stamens  and  pistOs,  that  gives  them  their  richness  of  appearance. 
If  all  the  organs  of  frnotification)  however,  were  to  undergo  this 
conversion,  there  would  be  no  means  of  propagating  any  particular 
variety  or  race  which  it  might  be  desired  to  perpetuate.  But 
among  the  petals,  a  perfect  stamen  or  two  will  frequently  be 
found ;  and  in  another  flower  an  untransformed  pistil  may  present 
itself;  if  the  stigma  of  the  latter  be  touched  with  the  pollen  of 
the  former,  the  ovules  will  be  fertilised,  and  seeds  will  be  pro- 
duced :  these,  if  placed  in  a  rich  soil,  will  have  a  tendency  to 
develop  flowers  of  a  similar  character ;  bnt  if  sown  in  a  barren 
place,  like  that  which  the  wild  plants  inhabit,  will  probably  bear 
flowers  resembling  theirs.  If^  on  the  other  hand,  the  seeds  of  a 
flower  departing  too  widely  from  the  double  form,  be  raised,  its 
flowers  will  probably  be  alike  imperfect.  It  is  by  attention  to 
these  rules,  that  the  different  races  of  Turnips,  Radishes,  &e, 
have  been  preserved ;  whereas  if  the  seeds  of  those  which  do  not 
perfectly  exhibit  the  respective  charactov  of  the  races,  had  been 
used  for  propagating  them,  they  would  all  have  returned  in  time 
to  their  original  common  form. 

532.  It  is  this  tendency  to  variation  under  the  influence  of 
cultivation,  producing  the  efiect  valued  by  the  florist  in  the 
Stock  and  Wall-flower,  which  renders  other  plants  of  this  order 
valuable  to  Man  as  articles  of  food.  There  is  a  remarkable  ten- 
dency in  many  of  them,  to  increase  the  amount  of  the  fleshy 
portion  of  their  tissues,  when  abundantly  supplied  with  nourish- 
ment. This  increase  takes  place  in  different  parts,  in  different 
species.  Thus  in  the  Turnip  and  Radish  it  is  chiefly  in  the  root, 
the  natural  form  of  which  is  often  completely  changed  by  cultiva- 
tion ;  yet  the  seeds  of  any  variety  of  either  of  these  species,  if 
raised  in  a  poor  soil,  will  produce  the  tough  stringy  roots  charac- 
teristic of  the  original  wild  plants.  In  the  Cabbage  and  Sea- 
Kale,  it  is  chiefly  in  the  stems,  leaf-stalks,  and  leaves ;  as  is  also 
the  case  in  a  less  degree  with  the  Turnip.  The  varieties  of  the 
Cabbage  are  very  numerous  ; — ^the  Scotch-Kale,  the  Savoy,  the 
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Cauliflower,  and  Brocoli,  are  well-known  forms,  departing  more 
or  less  from  the  orginal  stock,  the  Bramca  oleraeea  or  Seo- 
colewort,  which  may  be  found  growing  wild  on^  the  clifi^  near 
the  shores  of  the  greatest  part  of  South  Britain,  bearing  a  few 
small  scattered  leaves  and  meagre  blossoms.  In  the  Cauliflower, 
the  part  most  prized  as  food  consists  of  the  flower-stalks,  which 
are  enlarged  and  become  succulent  under  cultivation  ;  when  cut 
for  the  table,  the  flowers  have  not  expanded.  Some  varieties  of 
the  Cabbage  attain  a  great  size.  The  Palm-kale,  which  is  exten- 
sively cultivated  in  the  Channel  islands,  grows  to  the  height  of 
10  or  12  feet,  the  stem  being  very  much  elongated  and  bearing 
leaves  only  at  its  summit,  so  as  to  give  the  plant  very  much  the 
aspect  of  a  Palm ;  the  inner  bud  is  tender  and  palatable,  and  the 
outer  leaves  are  given  as  fodder  to  Cattle.  The  Tree-kale  or 
Cesarean  Cow-cabbage,  is  said  to  grow  to  the  height  of  16  feet, 
in  some  parts  of  France,  where  it  is  cultivated  for  the  same 
purpose. 

533.  The  Sea-Kale  is  obtained  from  another  marine  species, 
the  Crambe  maritima ;  the  young  shoots  of  which  have,  time 
out  of  mind,  been  collected  by  peasants,  and  eaten  as  a  pot- 
herb ;  but  which  has  only  within  a  recent  period  become  a  cheap 
and  common  vegetable.  In  order  to  prevent  it  from  becoming 
rank,  by  the  too-abundant  formation  of  its  peculiar  bitter  secre- 
tion, and  stringy,  by  the  production  of  too  many  woody  bundles, 
it  is  necessary  to  grow  it  almost  in  darkness  (§.  362)  ;  and  this 
is  commonly  efiected  by  heaping  up  earth  around  the  young 
shoots.  A  species  of  Brassica  nearly  allied  to  the  Turnip,  is 
that  which  furnishes  the  Rape-seed,  from  which  a  large  quantity 
of  oil  is  obtained  by  pressure ;  whilst  the  remaining  fleshy  sub- 
stance, known  under  the  name  of  oil-cake,  is  a  very  nutritious 
food  for  cattle.  In  all  the  seeds  of  Crucifersd,  there  is  a  ten- 
denay  to  the  deposition  of  a  fixed  oil  in  the  ceUs  (§.  371)  ;  and 
this  deposite  is  greatly  increased  by  cultivation  in  the  seeds  of 
this  and  other  species* 

534.  Among  other  well-known  British  species  of  this  order 
may  be  mentioned  the  numerous  kinds  of  Mustard,  Cress, 
Scurvy-grass,  Horse-radish,  Pepper-wort,  and  Lady's  Smock, 
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or  Bitter  Cress.  Of  this  last  kind,  the  common  meadow  species 
(Cardamins  prcUetuis)  has  a  considerable  tendency  to  become 
double  ;  and  when  its  power  of  reproduction  is  thus  impaired,  it 
has  a  very  curious  mode  of  compensation.  The  leaflets,  whilst 
still  in  connection  with  the  parent  plant,  will  strike  root  into  the 
ground,  wherever  they  come  into  contact  with  it ;  and  from  each 
a  new  plant  may  arise.  The  liotii  iaHvi$y  from  which  the  blue 
dye  wood  is  obtained  (§.  390),  is  another  natiye  species  of  this 
order. 

535.  The  plants  of  this  order  are  more  abundant  in  Europe 
than  in  any  other  quarter  of  the  globe ;  and  a  yery  large  pro- 
portion of  them  are  natives  of  the  temperate  zones.  Their  gene- 
ral character  is  to  possess  in  some  degree  acrid  and  stimulating 
qualities,  such  as  we  meet  with  in  the  Mustard,  Cress,  Radish, 
Horse-Radish,  Pepperwort,  &c.  When  this  acrid  secretion  is 
dispersed,  however,  through  a  large  amount  of  fleshy  tissue,  as 
in  the  Tuniip,  Cabbage,  &c.,  it  does  not  prevent  the  plants  from 
being  palatable  as  well  as  wholesome  food.  None  of  this  order 
can  be  said  to  be  poisonous ;  and  most  of  the  species  it  contains 
are  very  useful  remedies  for  a  most  distressing  malady^  the 
Scurvy,  which  was  formerly  not  unfrequent  in  this  country,  when 
all  but  the  highest  classes  fed  upon  salt  meat  during  the  greatest 
part  of  the  year ;  and  which  has  been,  until  the  late  improve- 
ments in  the  provinoning  of  ships,  a  most  dreadful  scouige  to 
the  crews  of  vessels  undertaking  long  voyages.  The  name 
Scurvy-^ati^  by  which  the  genus  CoehUaria  is  commonly 
known,  shows  the  estimation  in  which  it  was  formerly  held  in 
this  country,  as  a  remedy  for  this  disease ;  and  oUier  species  are 
still  more  efficacious.  There  could  scarcely,  perhaps,  be  men- 
tioned a  more  striking  illustration  of  the  practical  utility  of 
which  the  Natural  System  may  be  rendered,  than  a  Cut  which 
occurred  at  the  beginning  of  the  last  century.  During  Lord 
Anson's  voyage  round  the  world,  a  very  large  proportion  of  his 
crew  either  lost  their  lives,  or  were  rendered  unfit  for  service,  by 
the  Scurvy ;  and  although  new  and  unknown  lands,  teeming  with 
luxurious  vegetation,  were  constantly  being  discovered,  the 
dread  which  ike  surgeon  entertained  of  the  men  being  poisoned 
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was  80  great,  that  he  would  often  allow  them  to  use  no  other 
kind  of  fresh  vegetable  food  than  grass.  If  he  had  been 
acquainted  with  the  simple  fact,  that  none  of  the  Crucifer»  are 
deleterious,  and  that  all  possess  (in  a  greater  or  less  degree)  those 
properties  which  render  them  more  valuable  than  any  ordinary 
medicmes  in  the  treatment  of  this  disease,  he  might  have  been 
able  to  restore  many  to  healthy  by  simply  explaining  to  them  the 
very  evident  marks  by  which  this  order  is  characterised,  and 
encouraging  them  to  seek  for  plants  which  exhibit  such,  and  to 
make  use  of  them  without  apprehension. 

536.  The  Order  Cistacbjb,  or  Rock-Ron  tribe,  must  next  be 
mentioned.  Although  not  a  numerous  or  very  important  group, 
it  presents  several  points  of  interest.  The  plants  it  contains 
flourish  in  dry  rocky  places,  where  others  would  not  find  a  due 
supply  of  fluid  nutriment ;  and  these  they  ornament  with  a  pro- 
fusion of  blossoms,  having  brilliant  colours.  They  usually  expand 
in  the  night,  and  after  a  few  hours'  exposure  to  the  sun,  they 
perish.  A  few  species  (belonging  to  the  genus  HdiarUhemum) 
are  natives  of  this  country ;  and  others,  introduced  from  the 
South  of  Europe,  are  cultivated  as  evergreen  bushes  in  shrub* 
beries,  or  are  employed  to  ornament  rough  banks  and  masses  of 
rock-work,  over  which  they  trail  with  great  beauty.  In  the 
general  characters  of  their  flowers,  they  may  be  regarded  as 
intermediate  between  the  Papaveraceae,  and  the  Violacess — ^the 
order  to  be  next  described.  The  sepals  of  the  calyx  are  five ; 
but  these  do  not  exactly  form  a  single  regular  whorl,  as  two 
arise  somewhat  lower  than  the  others,  and  are  somewhat  exter- 
nal to  them.  The  corolla  usually  consists  of  five  petals,  which, 
from  the  manner  in  which  they  are  packed  within  the  bud,  have 
a  crumpled  appearance  when  the  flower  unfolds ;  they  fall  off  at 
an  early  period  of  flowering,  whilst  the  calyx  remains  as  a  pro- 
tection to  the  seed-vessel.  The  stamens  are  hjrpogynous,  and 
indefinite  in  number ;  and  they  are  usually  much  shorter  than 
the  petals.  The  ovary  is  superior,  and  is  either  one-celled  with 
parietal  placentsa,  or  is  divided  into  five  or  ten  cells  by  partitions 
radiating  towards  a  centre.  There  is  never  more  than  one  style, 
and  this  terminates  in  a  simple  expanded  stigma.    The  fruit  is  a 
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capsule,  nsnallj  separating  into  five  or  ten  Talves ;  along  the 
middle  of  each  of  which  there  is  a  placenta,  or  a  partial  diflsepi- 
inent  The  seeds  contain  a  small  quantity  of  albumen ;  and  the 
embryo  is  very  curiously  coiled  up.  All  the  species,  in  common 
with  those  native  to  Britain,  belong  to  the  LinusBan  class  Poly- 
ANDRiA,  order  Monoffynia, 

537.  This  tribe  evidently  resembles  the  Poppies,  in  the  tran- 
ritory  character  of  the  flower,  as  also  in  the  crumpling  of  the 
potab  ;  but  particularly  in  having  a  large  number  of  h3rpogynou8 
stamens,  and  a  seed-vessel  partially  divided,  with  numerous  seeds 
arising  from  parietal  placentae. — But,  on  the  other  hand,  they 
are  separated  by  many  points  of  difference ;  for  the  calyx  of 
the  Papaveraoesd  is  formed  of  only  two  pieces  which  soon  fall 
off*,  whilst  that  of  the  Cistacem  b  composed  of  five  sepals,  and  is 
persistent ;  the  former  possesses  a  mUky  juice,  which  the  latter 
do  not  afford ;  in  the  former,  there  is  a  large  separate  albumen, 
whilst  in  the  latter  there  is  a  small  one. — ^Further,  they  are 
separated  by  a  peculiar  character  which  is  of  no  small  physiolo- 
gical importance.  The  Jbramen  of  the  seed, — the  aperture  by 
which  the  fertilising  influence  is  received,  and  the  radicle  after- 
wards makes  its  way  out  (§.  436), — ^is  usually  situated  at  the 
-^nd  nearest  the  placenta ;  and  the  pollen-tubes  pass  into  it,  by 
insinuating  themselves  along  the  cord  which  connects  the  ovule 
to  it.  In  the  Cistaces,  however,  the  foramen  is  situated  at  the 
point  of  the  seed ;  and  the  manner  in  which  the  pollen-tubes  find 
their  way  into  it  b  very  curious.  When  they  have  reached  the 
top  of  the  ovarium,  instead  of  passing  down  its  sides  to  the  pla- 
centae, they  separate  themselves  into  bundles,  of  which  one  di- 
rectly enters  each  cell  of  the  seed-vessel,  and  spreads  through  it 
like  a  fine  cobweb,  lengthening  until  it  reaches  the  apertures  of 
the  ovules. — ^The  plants  of  thb  tribe  chiefly  abound  in  the  South 
of  Europe  and  the  North  of  Africa,  being  scarcely  known  in 
Asia  and  America.  They  are  not  known  to  possess  any  pecu- 
liar properties ;  a  gum-resin  termed  Labdanum,  which  was  ones 
used  in  medicine,  b  obtained  from  one  species.  They  are  all 
low  shrubs  or  herbaceous  plants. 

538.  The  next  tribe  which  will  be  noticed  b  also  a  small  one, 
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mosUy  composed  of  siill  humbler  plants,  bat  contaioing  some 
well-koownspecies  of  genend  interest.  Tbisis  the  order  Yiolacrs, 
or  Violet  tribe,  the  largest  of  the  British  spedes  of  which  is  the 
common  Pansy  or  HearUecue  ;  this  will  be  convenient,  there- 
fore, to  describe  in  illustration.  On  looking  at  the  leaves,  they 
will  be  found  to  be  rather  small,  and  to  arise  by  long  stalks,  at 
the  base  of  which  are  a  pair  of  large  stipules ;  these  are  very 
characteristic  of  the  order.  The  flower  consists  of  five  narrow 
sepals,  some  much  larger  than  the  rest ;  which  are  usually  pro- 
longed in  a  curious  manner  at  the  base.  The  corolla  consists  of 
five  petals,  of  which,  in  the  Pansy  and  most  other  species,  two 
stand  nearly  erect,  so  as  to  appear  above  the  others.  These  two 
in  the  Pansy  are  differently-coloured ;  and  a  third,  standing  in 
front  of  them,  has  a  short  horn  or  spur  at  its  base.  The  stamens 
are  also  five  in  number,  and  generally  of  irregular  form,  possess- 
ing no  proper  filament,  but  having  a  membranous  expansion  in 
place  of  it,  which  is  elongated  above  the  anthers ;  two  of  then, 
in  the  Pansy,  have  long  projections,  which  are  hidden  in  the 
horn  of  the  petal.  The  anthers  are  often  coherent  to  each 
other,  and  lie  close  upon  the  ovary.  The  ovarium  is  superior, 
and  contains  but  one  cell ;  it  possesses,  however,  three  parietal 
placentsa  (Fig.  84,  §.  434),  to  which  many  ovules  are  usually 
attached.  There  is  but  a  single  style ;  and  the  stigma  is  covered 
with  a  kind  of  hood,  so  that  access  can  only  be  gained  to  it  by 
an  aperture  on  one  side.  For  this  singular  conformation,  no 
use  has  been  assigned.  When  the  firuit  is  ripe,  it  is  still  sur- 
rounded by  the  calyx ;  it  is  an  oblong  shining  case>  which  splits 
into  three  valves,  having  the  seeds  adherent  to  the  middle  of 
each.  The  Heartsease  of  the  gardens  has  been  greatly  im- 
proved in  its  beauty  as  a  flower  by  cultivation  ;  and  a  number 
of  varieties,  differing  chiefly  in  their  colours,  are  known  to  florists. 
The  common  Sweet  Violet  has  no  rival  among  flowers,  if  we 
seek  for  delicate  firagrance ;  and  this  is  not  improved  by  culti- 
vation. 

539.  This  order  is  readily  known  from  all  other  hypogynous 
Exogens,  by  its  persistent  calyx,  its  irregular  flowers,  and  by  the 
three  narrow  parietal  placentae  situated  in  the  middle  of  the 
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same  number  of  valyee.  In  the  penistenoe  of  the  calyx,  the 
preTalence  of  the  namber  5  in  the  flowen,  and  in  the  alight 
division  of  the  ovary,  it  ia  evidently  allied  to  the  CiataoeeB.  Of 
the  plants  contained  in  it,  few  are  natives  of  Asia ;  and  those 
which  inhabit  South  America  di£Fer  from  the  rest,  in  being 
shrubby  instead  of  herbaceous.  The  roots  of  all  the  Violaoesd 
appear  to  be  more  or  less  emetic ;  and  those  of  South  America 
are  particularly  so,  and  are  used  in  medicine  under  the  same 
circunstanoes  as  those  in  which  Ipecacuanha  is  employ^  in 
this  country. 

540.  Nearly  allied  to  the  violets  is  the  little  order  DROSSRAOEiiB, 
or  Sun-dew  tribe;  so  named  from  the  peculiar  appearance 
(presently  to  be  described)  of  the  British  species,  by  which  it 
may  be  illustrated.  The  little  Swt-dew  is  a  plant  whose  home 
is  in  fens  and  morasses,  where  it  takes  possession  of  the  small 
hillocks  elevated  above  the  surrounding  waters ;  and  it  cannot 
be  made  to  flourish,  if  transplanted  into  any  other  situation. 
The  leaves  of  this  little  plant  are  the  most  conspicuous  part  of 
it,  whilst  the  fructiflcation  is  the  least  so.  When  spread  out, 
they  form  small  concave  disks,  covered  with  long  shining  red 
hairs,  that  secrete  from  their  point  a  dear  fluid,  which  gives  the 
leaves  the  appearance  of  being  covered  with  dew-drops.  This 
secretion  is  most  abundant  when  the  sun  is  at  its  highest,  whilst 
real  dew  is  only  seen  on  leaves  in  the  early  morning ;  and  it  is 
from  this  circumstance,  as  well  as  from  the  peculiar  sparkling 
appearance  of  the  surface,  that  the  name  of  the  plant  is  derived. 
The  hairs,  when  examined  with  a  high  magnifying  power,  are 
extremely  beautiful  microscopic  objects ;  they  are  seen  to  con- 
sist of  an  immense  number  of  minute  cells,  arranged  with  great 
regularity ;  and  if  illuminated  by  a  strong  reflected  light,  the 
rays  from  below  being  cut  off,  they  exhibit  a  most  gorgeous 
variety  of  brilliant  colours.  The  fluid  secreted  from  their  points 
has  a  slightly  acrid  taste,  and  it  appears  to  retain  insects  which 
settle  upon  it.  The  hairs  themselves  exhibit  a  considerable 
degree  of  irritability ;  slowly  curving  inwards,  and  entrapping 
any  unfortunate  victim  that  may  have  come  within  their  reach. 
This  irritability  is  manifested  to  a  much  greater  degree  in  thf; 
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DimuBa^  (§.  246)  which  is  an  American  species  of  this  order ; 
and  it  is  common,  in  a  greater  or  less  degree,  to  the  other  known 
species  of  it.  The  organs  of  fructification  are  nearly  allied  to 
those  of  the  Violaoese.  The  flower  is  regular,  however ;  the 
stamens  hare  the  usual  form,  and  are  sometimes  double  or  triple 
the  number  of  the  petals ;  and  the  ovary  bears  from  three  to  five 
styles.  The  order  is  also  peculiar  as  to  the  manner  in  which  its 
leaves  and  flowers  are  folded  together  before  their  expansion. 
Instead  of  being  simply  compressed  into  buds,  they  are  coiled  in 
a  spiral ;  so  that,  i/dien  unfolding,  the  leaf-stalks  and  flower- 
stalks  somewhat  resemble  a  shepherd's  crook.  This  form  of 
development  is  the  same  as  may  be  readily  observed  in  the 
unfolding  leaves  of  the  young  Fern.  (See  the  highest  leaves  in 
Fig.  3,  §.  23). 

541.  Passing  over  several  Orders  which  contain  but  few 
species,  and  these  of  little  general  interest,  we  stop  for  a  short 
time  at  one  which  contains  many  well-known  British  plants, — 
the  CARTOPHTLLELfi,  or  Ckickweed  tribe.  These  are  natives 
principally  of  the  temperate  and  frigid  parts  of  the  world,  where 
they  inhabit  mountains,  hedges,  and  waste  places.  Those  which 
are  found  within  the  tropics  are  usually  natives  of  elevated  or 
mountainous  tracts,  almost  always  reaching  the  limits  of  eternal 
snow,  where  many  of  them  exclurively  vegetate.  The  greater 
part  of  them  are  regarded  as  mere  weeds ;  but  some  of  them  are 
greatly  improved  by  cultivation,  and  become  handsome  garden 
plants,  which  are  greatly  valued.  Such  are  the  Clove-Pinks, 
Carnations,  and  Picotees,  which  are  all  varieties  of  one  species, 
the  Dianthtu  Carpophyllw^  that  naturally  grows  about  old  walls, 
especially  on  the  ruins  of  ancient  castles.  The  structure  of  the 
flower  may  be  best  understood  from  some  of  the  larger  species, 
such  as  the  common  Pink ;  taking  care,  however,  not  to  choose 
a  double  one.  It  is  interesting  to  remark  that  whilst  in  this 
plant,  the  leaves — ^being  long  and  narrow,  with  only  a  single 
vein  running  from  one  end  to  the  other — do  not  afford  any  cha- 
racters by  which  it  might  be  known  as  an  Ezogen,  the  petals 
(which  are  but  differently-developed  leaves)  have  a  beautiful 
system  of  veins,  which  are  evidently  reticulated.     The  stems  are 
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yerj  much  swollen  at  the  points  from  which  the  leaves  arise  : 
^  B  and  this  is  a  character 

which  marks  the  whole 
order.  The  calyx  is 
a  tuhe  composed  of 
five  sepals  united  to- 
gether, and  separated 
only  at  their  points. 
Pig.  i4i^i>uoiuM  OP  TUB  FunmovCABTopBTLuuB.  Fivc  pctsls  aTise  from 

A.  .^Ud  -ctlon.    B.  horl«mUl  «ctkm.  ^^^.^  ^^^^  ^^  ^^^.^^ 

the  lower  ends  are  very  narrow,  whilst  the  upper  ends  are 
greatly  expanded,  and  are  irregularly  jagged  at  their  borders. 
The  stamens  are  ten  in  number,  with  short  stalks.  The  ovary  is. 
one-celled  ;  and  in  its  centre  is  a  column,  round  which  a  great 
many  ovules  are  clustered.  In  the  Pink  there  are  two  styles, 
each  terminating  gradually  in  a  narrow  fringed  stigma ;  in  other 
species  there  are  three,  and  in  others  five  styles.  The  first 
becomes  a  dry  capwls^  opening  from  the  point  by  four  valves. 
The  structure  of  the  seed  is  variable. 

542.  This  order  may  be  distinguished  frx>m  all  other  polype- 
talons  Exogens,  by  the  possession  of  opposite  undivided  leaves 
without  stipules,  and  by  the  tumefaction  of  the  stem  at  Uie 
nodes;  it  is  further  separated  from  others  having  the  same 
number  of  stamens,  by  the  structure  of  the  ovarium.  This  is 
one  of  the  orders  in  which  a  certain  amount  of  variation  occurs 
in  the  number  of  the  parts  of  the  flower ;  which  are  sometimes 
arranged  on  the  quaiemary  type,  or  in  /o«r#, — sometimes  on  the 
quinary^  or  infiwi.  The  stamens  are  almost  invariably  twice  as 
numerous  as  the  petals.  Hence,  while  most  species  of  this 
order  are  comprehended  in  the  Linnsean  class  Dbcakdria,  a  few 
fall  into  Octandria ;  they  of  course  belong  to  the  orders  Dt^r^to, 
Trigynia^  and  Pentagynia^  according  to  the  number  of  their 
fityles.  The  order  is  divided,  in  the  natural  arrangement^  ac- 
cording to  the  adhesion  or  separation  of  the  sepals  of  the  calyx. 
The  division  in  which  the  calyx  is  tubular  contains,  with  the 
Pink,  the  SUene  or  Catchfly,  named  from  often  secreting  a  viscid 
matter  in  which  flies  are  caught ;   the  Cockle  {Agro9temma)y 
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which  is  often  a  Tory  tronblesome  weed  in  corn-fields;  the 
Ragged  Robin  {Lychnii  JloS'Cueul%\  frequent  in  meadows;  and 
the  Bachelors'  Buttons  (£.  dio%ca\  which  is  an  exception  to  the 
general  rule,  in  being  dioecious.  The  second  division,  which  has 
the  sepals  distinct,  contains  the  numerous  species  of  common 
Chiokweed  or  Stitchwort  {SuUarid)^  the  Mouse-ear  Chick  weed 
{Cera$ti%im\  of  which  some  species  are  peculiar  to  Alpine  dis- 
tricts, whilst  another  affects  moist  situations ;  and  the  Sandwort 
{Arenar%a\  so  named  from  the  character  of  the  soil  in  which 
most  of  its  species  flourish  best,  though  some  of  them  are  only 
found  in  rocky  and  mountainous  places.  In  regard  to  the  pro- 
perties of  this  order  there  is  little  to  be  said.  The  species 
belonging  to  it  are  in  general  both  insipid  and  inodorous.  Many 
of  the  wild  species  seem  to  be  sought  as  favourite  articles  of  food 
by  small  animals,  and  some  have  been  cultivated  as  fodder  for 
cows,  the  quantity  of  whose  milk  they  are  said  to  increase. 

543.  The  succeeding  order  is  one  which  contains  but  a  small 
number  of  genera ;  but  these  are  distributed  over  the  whole 
world,  and  afford  a  product  of  the  greatest  importance  to  Man. 
This  is  the  order  L1NACRB9  or  Flax  tribe,  which  was  once  asso- 
ciated vrith  the  last  order,  but  differs  from  it  in  so  many  impor- 
tant characters,  that  it  is  separated  vrith  complete  propriety. 
In  the  first  place,  the  stems  of  the  Flax  are  not  swollen  at  the 
nodes,  and  the  leaves  are  usually  not  opposite.  The  sepals  of 
the  calyx,  which  are  always  distinct,  are  not  arranged  in  a  con- 
tinuous whorl;  but  two  are  external,  partly  overlapping  the 

others,  which  are  in- 
f    ([)    /  /^^"^^^     temal;   this  arrange- 

^r/<T?^\\   ™®^*»  which  is  termed 
^  imbricated^  is  quite  dif- 

ferent from  that  which 
we  have  seen  in  the 
Chickweed  tribe.   The 

Fia  142^DiAOiUM  or  trs  pakis  of  thb  nowma,  m    two    OUter    Sepals  are 

TH.  ORD«  L.KAC«  ^^^^^   ,    j^    ^J^^    JJ^ 

gram.  The  whole  number  is  generally  five,  sometimes  four. 
The  petals  are  always  equal  in  number  to  the  sepals.     The 

c  c  2 
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stamens  are  eqaal  in  number  to  the  petals,  and  are  united  at  the 
base  into  a  downy  cup ;  the  edge  of  this  exhibits,  between  the 
stamens,  a  corresponding  number  of  little  teeth,  which  are  the 
abortive  rudiments  of  another  whorl  (§.  465),  Within  these  is 
the  OTary,  which  appears  to  contain  ten  cells,  in  each  of  which 
is  a  single  pendulous  OTule ;  but  the  number  of  real  cells  is  only 
fiye  (in  some  species  four),  of  which  each  is  partly  divided  into 
two  by  an  imperfect  partition,  extending  inwards  from  its  outer 
wall.  Such  a  partition  is  termed  a  spuriout  dissepiment.  The 
ovary  bears  five  (or  four)  styles  and  stigmas ;  and  finally  the 
seed-vessel  splits  into  ten  valves.  By  all  these  strongly-marked 
differences,  the  real  affinity  of  the  Linaoee  to  the  Caryq>hyllesB 
is  rendered  very  small. 

544.  There  is  scarcely  any  plant  which  is  less  affected  than 
the  common  Flax,  by  differences  of  soil  and  climate ;  and  accord- 
ingly one  species,  with  all  its  characteristics  unaltered,  flourishes 
in  the  cold  as  well  as  the  temperate  regions  of  Europe,  in  North 
and  South  America,  in  Africa,  and  in  Asia.  There  are  few 
plants  which  are  made  subservient  to  so  great  a  variety  of  uses ; 
from  which  circumstance  it  is,  that  this  species  of  Ltmcm  has 
received  its  specific  name  ttntatiaimumy  which  means  ^^  in  most 
common  use."  It  is  from  the  woody  fibre  of  its  stem,  that  all 
the  thread  is  obtained,  which  has  been  from  very  eariy  ages 
emplo3red  in  making  linen  fabrics  (the  name  of  which  is  derived 
firom  that  of  the  genus) ;  and  it  is  now  used  for  this  purpose  to 
a  greater  extent  than  ever,  in  spite  of  the  degree  in  which  it  has 
been  superseded  by  cotton.  The  seeds  contain  a  large  quantity 
of  oil,  which  is  readily  obtained  from  them  by  pressure,  and  is 
known  under  the  name  of  linseed  oil  (§.  371)  ;  and  the  oil-cake 
which  is  left  is  an  excellent  food  for  cattle.  The  seed-coats  also 
contain  a  large  quantity  of  mucilage ;  so  that  an  infusion  of  the 
seeds,  known  as  linseed-tea,  is  frequently  of  great  utility  as  an 
external  soothing  application,  and  is  sometimes  a  very  useful 
internal  remedy.  Further,  the  seeds,  when  ground  into  a  meal, 
form  the  most  advantageous  material  for  Iturge  poultices ;  and 
an  enormous  quantity  is  consumed  for  this  purpose,  especially  in 
hospitals.  The  plant,  however,  is  not  much  cultivated  in  Britain, 
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notwithstanding  Tarious  inducements  held  out  by  the  legislature ; 
for  its  crops  are  of  inferior  value  to  com ;  and  it  is  found  to 
rendei  the  soil  more  unfit  for  the  subsequent  growth  of  other 
crops,  than  does  almost  any  other  cultivated  vegetable.  The 
principal  supplies  required  for  British  manufacture  are  drawn 
from  Russia^  the  Netherlands,  and  Prussia ;  some  is  also  brought 
from  France  and  Egypt,  and  even  from  New  South  Wales. 
The  annual  imports  vary  from  40,000  to  7^,000  tons  of  flax ; 
and  about  two  million  bushels  of  linseed.  Flax  is  grown,  how* 
ever,  in  Lincolnshire,  Somersetshire,  and  Yorkshire,  to  a  small 
extent ;  it  is  more  cultivated  in  Scotland  ;  and  nearly  all  that  is 
required  for  the  extensive  linen  factories  of  Ireland  is  the  produce 
of  that  country. 

545.  The  common  Flax*plant  is  an  annual,  which  shoots 
forth  slender  upright  hollow  stalks,  about  the  thickness  of  a 
crow-quilL  These  are  surrounded  by  a  fibrous  bark  or  rind, 
containing  woody  bundles  intermixed  with  celluhir  tissue.  TThen 
the  plant  has  attained  the  length  of  about  2^  or  3  feet,  it  divides 
into  slender  flower-stalks ;  but  there  is  a  considerable  difiFerence 
in  the  dimensions  of  the  stem,  according  to  the  soil,  season,  &c. 
This  difference  governs  the  treatment  of  the  plant ;  for,  if  the 
stem  be  short  and  disposed  to  branch,  the  plant  is  considered 
more  valuable  for  its  seed  than  for  its  fibrous  bark,  and  is  not 
gathered  until  its  seeds  are  fully  matured ;  whilst  if  the  stem 
grows  long  and  straight,  all  care  of  the  seed  becomes  a  secondary 
consideration,  and  the  flax  is  pulled  at  the  most  favourable 
period  for  obtaining  good  fibres,  which  is  a  little  after  the  wither- 
ing of  the  blossom,  before  the  seeds  are  quite  ripe.  The  Dutch 
are  accustomed  to  lay  up  the  plants  in  stacks,  as  soon  as  they 
have  pulled  them;  experience  having  shown  that,  in  most 
instances,  seed  will  ripen  after  the  parent-plant  has  been  pulled, 
provided  that  it  be  not  detached  from  it,  being  supplied  by  the 
sap  which  it  contains;  and  thus  both  good  flax  and  seeds  may 
be  obtained  from  the  same  crop.  The  stems  are  freed  firom  the 
leaves  and  seed-vesels  by  a  process  called  rippling;  which  means 
passing  them  through  a  sort  of  comb  with  long  teeth,  by  which 
these  parts  are  torn  off.    The  flax  is  then  placed  in  water,  to 
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dissolye  the  gummy  sap,  by  which  the  bark  adheres  to  the  woody 
portion  of  the  stalk,  and  to  favour  the  decomposition  of  the  soft 
cellukr  tissue  by  which  the  woody  bundles  are  held  together. 
This  process,  which  is  called  water-retting^  renders  the  water 
offensive,  and  is  said  to  be  unhealthy  to  the  neighbourhood ; 
and  an  act  preventing  its  being  carried  on  in  any  common  stream 
or  pond,  is  in  force  in  this  country.  The  length  of  time  required 
varies  firom  about  10  to  15  days,  according  to  the  state  of  the 
flax,  the  temperature  of  the  water,  &c.  It  has  been  recom- 
mended as  a  much  better  method,  to  steep  the  flax  in  hot  water 
for  a  short  time,  with  soft  soap.  The  water-retting  of  fine  flax, 
for  the  manufacture  of  the  most  delicate  cambrics  and  muslins, 
is  attended  to  with  great  care ;  it  is  particularly  necessary  that 
there  should  be  a  constant  renewal  of  the  water,  as  the  fibres 
will  otherwise  acquire  a  dark*  tinge,  of  which  it  will  be  almost 
impossible  to  get  rid  by  bleaching.  The  fibrous  bundles 
are  then  separated  from  the  rest  of  the  tissue,  by  being  passed 
between  two  surfaces,  one  of  which  has  grooves,  into  which 
enter  projecting  ridges  on  the  other.  In  former  times,  and  in 
some  countries  at  the  present,  a  very  simple  machine  is  used  for 
this  purpose,  termed  a  break;  this  consists  of  two  long  blocks, 
cut  in  the  manner  just  described,  united  by  a  hinge  at  one  end  ; 
the  lower  one  being  supported,  the  upper  is  lifted  at  the  other 
end  by  the  right  hand,  and  the  stems  are  drawn  with  the  left 
between  the  two  jaws  of  the  break,  which  are  made  to  close 
togethto  forcibly  several  times,  so  as  to  bruise  the  stems  and 
separate  their  parts  from  each  other,  without  breaking  the  fibres. 
After  this  another  operation  is  required,  to  separate  the  smaller 
particles  of  bruised  refuse  from  the  flax ;  this  is  termed  teutching. 
These  two  operations  are  now  usually  performed  together  by  a 
machine,  principally  consisting  of  three  cylinders  with  ridges  and 
indentations  that  work  into  each  other ;  and  between  these  the 
flax  is  passed.  After  this,  the  flax  is  heckled^  by  drawing  the 
bundles  through  a  frame  studded  with  rows  of  sharp  pins ;  this 
efiectually  frees  it  firom  all  extraneous  matter,  and  presents  a 
series  of  smooth  distinct  filaments.  It  is  then  ready  for  the 
spinner.  The  finer  kinds  of  flax,  however,  are  prepared  in  a  mac9 
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delicate  manner ;  being  merely  scraped  or  cleansed  with  a  blunt 
knife  on  a  soft  skin  of  leather,  and  afterwards  dressed  with  a  kind 
of  bmsh.  Machine-spinning  has  now  almost  superseded  hand- 
spinning  in  this  country ;  but  the  finest  thread  can  be  produced 
only  by  the  latter  process.  By  machinery  a  thread  measuring 
12,000  yards  has  been  spun  from  one  pound  of  flax ;  but  by  hand- 
spinning  a  thread  of  three  times  that  length  has  been  produced 
from  the  same  weight. 

546.  The  only  other  species  of  this  order,  which  is  cultivated 
for  the  same  purpose,  is  the  Siberian  perennial  flax.  This  is  a 
much  taller  plant,  having  coarser  fibres ;  these  are  found  to  be 
very  strong,  but  not  so  white  or  fine  as  those  obtained  from  the 
common  flax.  They  serve  very  well,  however,  for  the  manufacture 
of  coarse  fabrics ;  and  there  is  this  advantage  attending  the  cul- 
tivation of  them, — ^that  from  the  same  root,  a  succession  of  stalks 
will  be  developed  for  many  years ;  so  that  they  require  no  further 
attention,  than  to  be  kept  free  from  weeds.  The  juices  of  all 
the  plants  of  this  order  seem  to  have  a  purgative  quality ;  this  is 
very  slight  in  the  common  Flax,  but  is  greater  in  the  common 
Linum  cathariieum  or  Purging-flax  of  this  country,  as  well  as 
in  some  foreign  species. 

Order  Malvacels,  or  MaUow  Tribe. 

547.  Almost  every  child  is  familiar  with  the  cheeeee  that  he 
finds  among  the  hedges;  and  there  is  not  a  civilised  human 
being  who  does  not  make  great  use  of  cotton  fabrics ;  yet  few, 
save  professed  Botanists,  are  aware  how  close  a  relation  there  is, 
between  the  humble  neglected  plant  that  bears  the  former,  and 
the  cherished  exotic  shrub  to  which  we  are  indebted  for  the 
latter.  They  both  belong  to  the  same  order,  which  is  marked  by 
characters  that  readily  distinguish  it,  and  which  may  be  ex- 
plained from  the  common  British  Mallows,  as  well  as  from  any 
other  of  the  more  highly-prized  species.  Of  the  former  there  are 
two  kinds,  one  bearing  small  pink  blossoms,  the  other  large 
purple  ones,  which  are  among  our  handsomest  wild  flowers. 
The  latter,  which  may  be  best  chosen  for  examination,  grows 
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two  or  even  three  feet  high,  in  places  where  it  is  not  cropped  by 
cattle ;  its  stem  is  covered  with  longish  liairs,  which  frequently 
spring  in  stellate  (star-shaped)  clusters ;  its  leaves  are  roundish, 
slightly  divided  at  their  edges,  and  possess  small  scale-like 
stipules  at  the  hase  of  their  petioles.  The  sepals  are  five,  and 
are  placed  in  a  uniform  whorl ;  they  are  partly  adherent ;  and 
on  the  exterior  they  have  three  bracts,  so  arranged  as  almost  to 
resemble  an  additional  calyx.  The  petals  are  also  five ;  pre- 
viously to  their  ex- 
pansion they  are  folded 
together  in  a  very  ca- 
riously-contorted  man- 
ner. The  stamens  are 
numerous;  and  their 
filaments  adhere  at 
their  lower  part,  so  as 
to  form  a  tube  which 
embraces  the  pistil.  This  structure  is  exactly  what  is  termed, 
in  the  language  of  the  Linnsoan  classification,  numadelphaut  ^ 
and  the  whole  of  this  order,  therefore,  belongs  to  the  LinnsBao 
class  MoNADBLPHiiC.  The  anthers  only  possess  one  lobe,  which 
opens  transversely.  The  pistil  is  composed  of  several  united 
carpels,  each  of  which  has  its  own  style  arising  from  its  summit ; 
the  styles,  like  the  stamens,  are  united  at  their  lower  part  into 
a  tube.  The  seed-vessel  is  divided  by  complete  partitions  into 
numerous  cells,  each  of  which  contains  one  or  two  ovules ;  and 
when  cut  across  in  its  unripe  condition,  the  ovarium  exhibits  a 
very  beautiful  aspect,  from  the  regularity  of  the  arrangement  of 
its  contents.  When  ripe  the  carpels  readily  separate.  All  the 
characters  now  enumerated,  with  the  exception  of  the  number  of 
sepals  and  petals,  which  varies  from  three  to  five  in  each  whorl, 
are  common  to  nearly  the  whole  order. 

548.  The  British  species  are  not  numerous ;  they  consist  of 
four  of  the  genus  Afo/vo,  or  ordinary  Mallow,  two  of  the  AUhaa 
or  Marsh-mallow,  and  one  of  the  LcmaUra  or  Tree-mallow,  so 
called  frt>m  its  higher  growth.  These  are  remarkable  for  little 
else  than  the  quantity  of  thick  transparent  mucilage,  which 
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almoet  all  the  green  parts  yield ;  and  on  this  account  they  are 
thought  to  afiFord  useful  remedies  in  some  pectoral  complaints. 
They  do  not  possess,  however,  any  active  properties.  It  is  be- 
tween the  tropioSy  that  the  most  remarkable  species  of  MalvaoesB 
abound ;  and  this  seems  to  be  the  natural  habitation  of  the  Order, 
since  the  proportional  number  of  q>ecies  belonging  to  it  in  any 
country,  diminishes  rapidly  as  we  pass  from  the  Equator  to  the 
Poles.  The  showy  Hollyhocks,  now  naturalised  in  our  gardens, 
are  species  of  Malvacesd  mtroduced  from  a  wanner  climate.  The 
genus  Hibiicut  is  remarkable  for  the  striking  aspect  of  its 
flowers,  which  are  much  cultivated  in  hot-houses  in  this  country ; 
tlieir  stems  contain  strong  and  tough  fibres,  which  have  been 
used  as  a  substitute  for  flax  and  hemp  in  making  cordage.  (It 
is  said  that  whips,  formerly  employed  by  shive-drivers  in  the 
West  Indies,  were  made  of  the  plaited  fibres  of  chis  plant).  The 
unripe  fruit  of  one  species  of  Hibiscus,  known  in  the  East  and 
West  Indies  under  the  name  of  Ochro  (in  some  places  Gobbo), 
is  used,  on  account  of  the  abundance  of  its  mucilage,  to  thicken 
soups.  Other  species  of  this  genus  contain  a  powerful  colouring 
principle,  which  gives  a  black  stain  to  an3rthing  which  it 
touchy ;  and  the  leaves  of  a  species  of  Althea  are  said  to  yield 
a  blue  colour  not  much  inferior  to  indigo. 

549.  Of  all  the  genera  of  this  order,  however,  there  is  none 
so  important  to  man  as  that  whioh  jielda  Cotton ;  and  it  may 
be  questioned  if  there  is  any  other  single  tribe,  except  the  Grasses, 
with  which  he  would  now  find  it  more  difficult  to  dispense. 
Cotton  is  derived  from  several  species  of  Goitypiutn,  whioh  are 
cultivated  in  both  the  Old  and  New  World ;  of  no  part  of 
Europe,  however,  are  any  of  these  species  natives,  though  cotton 
has  been  cultivated  in  the  southern  parts  of  Spain  and  Italy. 
There  is  much  uncertainty  as  to  the  real  number  of  species ;  as 
the  genus  is  one  in  which  there  is  a  great  tendency  to  the  pro- 
duction of  varieties.  It  is  desirable,  however,  that  their  re- 
spective characters  should  be  well  ascertained ;  since  the  differ- 
ences in  their  produce  make  the  knowledge  of  them  of  great 
importance  to  the  cotton-planter,  as  this  varies  greatly  botii  in 
quantity  and  quality.    Some  yield  their  downy  harvest  twice 
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ia  the  year ;  others  only  once.  Some  bear  cotton  of  a  long  And 
delicate  fibre,  and  of  a  beantiful  whiteness ;  whilst  the  fibres  of 
others  are  short,  coarse,  and  of  a  bad  colour.  These  differences 
are  strongly  marked  in  the  cotton  imported  from  different  coun- 
tries ;  thus  the  American  cotton  fetches  a  much  higher  price  in 
the  market  than  the  Indian ;  and,  though  it  cannot  be  questioned 
that  the  soil,  climate^  and  care  in  gathering,  haTc  a  considerable 
inffuence  on  the  goodness  of  the  article,  yet  it  is  also  as  certain 
that  great  improvements  might  be  effected,  by  replacing  inferior 
species  or  yarieties  by  others  of  more  value.  This  is  now  being 
attempted  in  India. 

550.  The  fibres  of  Cotton  are  obtained  from  the  seed-vessel, 
in  which  they  are  packed  round  the  seeds;  and  no  further 
trouble  is  necessary  to  obtain  them,  than  to  withdraw  them  when 
the  capsule  bursts.  This  should  be  done  as  early  as  possible : 
since  exposure  to  the  sun  gives  a  yellow  tinge  to  the  cotton* 
These  fibres  do  not  consist,  like  those  of  flax,  of  woody  tubes ; 
but  they  are  composed  of  cellular  tissue ;  and  they  are  conse- 
quently much  weaker  in  proportion  to  their  diameter.  The 
greatest  difficulty  in  the  gathering  of  cotton,  consists  in  the 
separation  of  its  fibres  from  the  seeds  they  enclose,  to  which  they 
sometimes  adhere  with  great  tenacity  ;  the  firmness  of  this  ad- 
hesion varies  in  different  species ;  and  that  is  to  be  preferred, 
therefore,  in  which  the  cotton  is  most  readily  freed.  In  the 
greater  part  of  India,  the  use  of  machinery  for  this  purpose  is 
unknown ;  and  the  cotton  is  cleansed  by  hand ;  in  America, 
however,  large  machines  are  employed,  which  accomplish  it  very 
rapidly  and  effectually.  A  species  of  Gossypium  cultivated  in 
Ch\nA  is  remarkable  as  having  naturally  a  coloured  fibre ;  it  is 
firom  this  that  the  Nankeen  cotton  stuffs  are  made,  which  were 
at  one  time  commonly  worn  in  this  country,  and  the  name  of 
which  was  derived  from  that  of  the  place  where  alone  they  were 
manufactured. 

551.  Notwithstanding  the  enormous  amount  of  raw  Cotton 
now  imported  into  this  country  for  the  supply  of  its  manu&c- 
tories,  the  emplo3rment  of  it  in  Britain,  to  any  considerable 
extent,  is  comparatively  recent.     In  the    17th  century,  the 
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trifliog  supply  required  was  obtained  wholly  from  Smyrna  and 
Cyprus.  In  the  year  17B6,  about  20  million  pounds  were  im- 
ported ;  of  which  about  a  quarter  was  from  Smyrna,  &c.,  an- 
other quarter  from  the  British  West  Indies,  and  the  remainder 
from  other  colonies.  Shortly  after  that  period,  when  machines 
for  spinning  cotton-yam  were  devised  by  Arkwright  and  others, 
the  annual  consumption  of  cotton  increased  six-fold,  and  it  has 
been  progresj^i^uly  augmenting  ever  since.  From  all  quarters  of 
the  wurld  does  the  raw  material  now  flow  in  upon  us ;  and  it  b 
converted,  with  an  expedition  scarcely  credible,  into  textures^  of 
whych  a  large  part  are  re -conveyed  to  the  countries  which  ori- 
ginally furnislied  it.  In  the  year  1P38,  the  quantity  imported 
was  upwards  of  500  milltona  of  pounds ;  whilst  of  this  there  was 
exported  in  the  form  of  woven  stuSa  nearly  "JOO  million  yards, 
and  of  twist  and  yam  aWut  115  million  pounds;  the  value  of 
which,  together  with  th.it  of  the  cotton  hosiery  and  small  wares 
exported,  would  amount  to  about  twenty- four  millions  sterling. 
Wlien  machinery  was  first  introduced,  it  was  made  capable  of 
spinning  a  pound  of  cotton  into  yarn  160  milts  long;  and  a 
much  greater  degree  of  fineness  may  now  be  attained.  The 
hand-spinuers  and  weavers  in  Tndia  far  outdo  machinery  in  the 
delicacy  of  their  fabrics,  Sfjme  of  their  muslins  being  expresslTely 
termed  "woven  air;"  but  m  great  is  the  savinfif  effected  by 
machinery,  in  the  production  of  all  cotton  fabrics  but  such  as 
these,  that  a  large  proportion  of  tliose  used  id  India  are  ex- 
ported from  Britain ;  it  being  a  eaving  of  expense  to  cause  the 
materials  thus  to  undergo  the  double  voyage,  although  labour  is 
BO  extremely  cheap  in  India, 

552-  Nearly  allied  to  the  order  Malvacea,  which  contains 
few  save  herbaceous  or  shrubby  plants,  is  tlie  order  Bombace^e, 
or  Silk-cotton  tribe,  none  of  which  are  herbaceous^  w^hilst  some 
species  are  amongst  the  mot^t  remarkable  examples  of  arboreal 
vegetation,  such  as  the  celebrated  Bmlnb  trees  of  Senegal, 
(§.  129),  One  of  the  trunks  of  this  species  has  been  found  to  be 
of  the  enormous  girth  of  from  SK)  to  ](K>  feet ;  the  spread  of  the 
branches  and  roots  is  enormous ;  one  main  root,  uncovered  by  a 
stream,  having  bi^en  traced  to  100  feet  from  the  stem,  and  prn^ 
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babl7  extending  much  farther.  The  height  of  the  trunks,  how- 
ever, does  not  bear  the  usual  proportion  to  their  thickness,  being 
in  general  but  little  more  than  their  diameter.  In  the  interior 
parts  of  Africa,  at  a  distance  from  rivers,  the  trunks  of  these 
trees  are  converted  b7  the  natives  into  tanks,  their  heads  being 
cut  off,  and  their  immense  bodies  hollowed  out  for  the  reception 
of  water,  which  m  consequence  of  the  softness  and  lightness  of 
the  wood,  is  not  a  difficult  task.  On  the  eastern  coast  of  Africa, 
this  tree  is  very  liable'to  be  attacked  by  fungi,  which  prey  upon 
its  heart-weod,  and,  without  changing  its  general  appearance, 
destroy  the  life  of  the  tree,  and  render  the  timber  very  soft. 
Such  trees  are  hollowed  out  by  the  natives  as  burial-places  (oe 
the  bodies  of  those  who  are  supposed  to  hold  communion  with 
evil  spirits ;  and  these,  being  suspended  in  the  chambers  thus 
constructed,  become  dry,  and  are  well  preserved  like  mummies. 
The  bark  of  the  Baobab  yields  a  coarse  thread,  of  which  ropes 
and  cloths  are  made ;  and  its  frnit  contains  a  mealy  pulp  around 
the  seeds,  which  forms  a  wholesome  and  agreeable  article  of 
food. 
553.  The  species  yielding  the  Silk-Cotton  of  South  America 
is  also  a  large  tree  having  a  light 
wood ;  this  is  frequently  employed 
for  making  canoes,  and  a  single 
trunk  has  been  known  thus  to 
hold  150  men,  or  twenty-five  tons 
of  sugar.  The  tree  derives  its 
name  {BomhaXj  resembling  that  of 
the  Silkworm),  from  the  peculiarly 
silky  character  of  the  hairs,  which 
surround  the  seeds,  in  the  same 
manner  as  the  wool  of  the  Cotton. 
This  wool  is  commonly  used  to 
stuff  cushions  and  beds;  and  lint 
and  a  sort  of  felt  have  been  made 
from  it ;  but  it  cannot  be  spun  into 
threads,  in  consequence,  it  is  be- 
lieved, of  the  absence  of  the  minute  roughnesses,  which  exist  upon 
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the  surface  of  the  true  Cotton  fibres,  and  which  are  Tery  important 
in  binding  them  together.  The  di£Rerenoe  between  the  BombaceiB 
and  the  Malvaceffi,  in  any  other  respect  than  their  size,  is  not  great. 
The  calyx  of  the  former  is  not  exactly  yalvate ;  the  tube  formed 
by  the  adhesion  of  the  stamens  is  cleft  at  its  upper  part  into  five 
divisions ;  and  the  anthers,  which,  like  those  of  the  MalTaceo, 
are  one-celled,  burst  longitudinally  instead  of  transversely.  They 
resemble  Malvaceaa  also  in  the  mucilaginous  character  of  their 
juices,  and  in  the  entire  absence  of  any  deleterious  properties. 
They  are  all  natives  of  tropical  climates. 

554.  Another  order  nearly  allied  to  the  Malvaceas,  is  that  of 
Bromacea  (the  B3rttneriace»  of  De  CandoUe)  or  Cacao  tribe. 
They  are  usually  shrubs  or  trees,  which  are,  like  those  of  the 
last  order,  confined  to  tropical  regions  and  countries  bordering  on 
them.  They  have  no  very  obvious  differences  from  the  Mal- 
Taoess,  except  that  the  petals  are  often  absent,  and  that  the 
anthers  are  two-celled,  bursting  longitudinally.  The  stamens 
are  variously  united,  but  usually  form  a  smgle  tube ;  not  unfre- 
quently  many  of  them  are  abortive ;  and,  as  in  the  Cacao  itself, 
they  assume  the  form  of  narrow  petals  intermediate  between  the 
true  stamens.  The  carpels  are  less  numerous  than  those  of  the 
MalvaoesB,  var3dng  from  three  to  five ;  and  the  number  of  ovules 
in  each  cell  is  usually  much  greater.  Like  the  MalvaoeflB,  these 
plants  are  remarkable  for  the  quantity  of  mucilage  they  con- 
tain ;  and  it  is  from  one  species  that  the  Gum  Tragacanth,  so 
much  used  in  the  arts  (§.  380),  is  obtained.  In  a  few  species, 
the  juices  possess  a  slight  acridity ;  and  in  others  some  astrin- 
gency. 

555.  The  <»rder  is  chiefly  interesting  on  account  of  the  im- 
portance of  the  genus  Theolnrofna  Caeao^  in  yielding  the  material 
of  a  wholesome  and  nutritious  beverage,  the  occasional  use  of 
iirhich  in  this  country  gives  but  a  slight  idea  of  the  large  quan- 
tity consumed  in  many  others.  It  is  a  little  curious  that,  whilst 
the  generic  name,  signifying  ^'  food  for  the  gods  "  was  given  to 
it  by  Limueos,  on  account  of  his  high  estimation  of  its  qualities, 
a  traveller  of  the  sixteenth  century  declared  that  chocolate  was  a 
drink  ^*  fitter  fw  a  pig  than  for  a  man."    Tlie  Cacao  tree  rises 
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Fio.  14A.^Flowsr  or  TamowmattA  Cacao. 
1,  Complete  flower ;  a,  a,  the  petals ;  bt  ft,  the  petal-like 


stameni ;  8,  the  tube  formed  by  the  adheeioii  of  the  i 
cut  open,  showing  the  five  true  stamemi  alternating  with 
five  abortlre ;  3.  pistil,  with  a  single  style  composed  of  five 
adhereol  carpels,  and  snnnounted  by  flre  separate  stigmas. 


usually  to  the  height  of  about  20  feet,  though  sometimes  it 
attams  an  elevation  of  30  or  40  feet ;  its  leaves  are  lai^,  oblong, 
and  pointed ;  whilst  its  flowers  are  small,  and  of  a  pale  red.  The 
calyx  consists  of  five  sepals  of  a  deep  red ;  and  within  these  is  a 

corolht    formed   of 
five  petals,  the  form 
of  which  is  peculiar. 
They  are  broad  and 
channelled  into    a 
sort  of   gutter   at 
their  lower  part,  in 
the  middle  they  are 
extremely  narrow- 
ed ;  and  they  expand 
again  towards  the 
summit,   at  which 
they  adhere.     The 
stamens  form  a  tube,  on  the  upper  end  of  which  the  five  that 
bear  anthers  alternate  with  the  other  five  that  have  a  narrow 
petalline  form ;  and  the  latter,  in  the  complete  flower,  are  seen 
projecting  above  the  ring  formed  by  the  adhesion  of  the  top  of 
the  petals.     The  pistil  is  formed  on  the  same  general  plan  as  in 
the  MalvacesB,  consisting  of  five  adherent  carpels,  each  of  which 
has  its  own  style  and  separate  stigma ;  but  the  ovules  are  nume- 
rous, varying  from  20  to  100  in  the  whole  capsule. 

556.  The  fruit,  when  ripe,  is  a  long  oval,  of  which  the  sur- 
face is  covered  with  rounded  eminences,  and  is  marked  by  ten 
furrows;  its  interior  cavity  is  simple,  in  consequence  of  the 
obliteration  of  the  original  partitions ;  and  the  seeds  are  grouped 
round  a  central  column.  They  are  imbedded  in  a  sort  of  mealy 
pulp,  which,  although  sweetish,  has  a  disagreeable  flavour. 
This  pulp  is  sometimes  removed  from  the  seeds  by  washing,  after 
which  they  are  dried  in  the  sun ;  and  sometimes,  in  order  to  get 
rid  of  it,  they  are  buried  in  the  soil,  until  it  is  detached  by 
decomposition.  The  seeds  are  then  prepared  by  roasting,  after 
which  their  hard  husks  are  easily  detached;  and  the  fleshy 
interior  is  beaten  up  into  a  smooth  paste,  which  is  afterwards 
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dried.     Chocolate  differs  from  cacao,  6in]p]7  in  the  addition  of 

various  spices  and  flayonring  ingredients.      It  is  much  more 

employed  in  France  than  in  England,  and 

is  commonly  drunk  for  breakfast  in  Spain. 

In  Mexico  it  is  considered  an  article  of  prime 

necessity ;  and  it  was  extensively  cultivated 

there,  at  the  time  of  the  Spanish  invasion  of 

South  America.     Humboldt,  the  celebrated 

traveller,  remarks,  that  it  is  by  chocolate 

and  maize-floor,  that  man  has  been  enabled 

to  penetrate  the  vast  uninhabited  forests 

of  central  America,  and  to  gain  access  to  the 

stupendous  table  lands  of  the  Andes.     The 

seeds  were  employed  as  coins,  in  order  to 

express  values  below  sixpence,  which  was  ^®-  i<«— fkuit  o»  cap- 

.!,*..•  11      X  XI"  .  *.i  WLUOW  Cacao-plaj^t, 

that  of  the   smallest  metal  com,  six  of  them     oontalning  the  aeeds  or 

being  about  equivalent  to  a  halfpenny ;  and  ^^^ 
this  use  of  them  is  still  partially  continued.  A  kind  of  buttery 
substance  may  be  extracted  from  the  seeds  of  the  Cacao,  which 
is  said  to  have  a  very  bland  and  agreeable  flavour,  and  to  serve 
as  an  excellent  emollient  application  to  the  skin ;  whence  it  is 
highly  prized,  in  some  countries,  as  an  ingredient  in  ointments 
and  cosmetics.  It  was  estimated  that,  in  1806,  about  23  mil- 
lion pounds  of  Cacao  were  imported  into  Europe  from  South 
America,  Mexico,  and  the  West  Indian  islands ;  of  this  quan- 
tity, the  greater  part  was  consumed  in  Spain.  The  quantity 
consumed  in  Britain  in  the  year  1831  was  not  more  than  half  a 
million  of  pounds,  but  in  that  year  the  duty  was  lowered  from 
sixpence  to  twopence  a  pound  ;  the  consumption  immediately 
doubled,  and  it  is  now  two  millions  of  pounds  annually.  A 
large  quantity  is  employed  in  the  British  navy  and  merchant- 
service,  as  a  partial  or  entire  substitute  for  ardent  spirits ;  and 
it  may  be  expected  that  the  rapidly-increasing  disuse  of  the 
latter  most  injurious  liquors,  will  occasion  a  still  further  demand 
for  this  wholesome  and  nutritious  article. 

557.     Tlie  order  Tiliacrs,  or  Linden  tribe,  is  also  nearly 
allied  to  Malvaceae.     The  principal  part  of  this  order  consists  of 
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herbaoeoos  plants,  with  handsome  flowers,  which  abound  within 
the  tropics ;  some  species,  howeyer,  are  loftj  trees  ;  and  these, 
contrary  to  the  genwal  role,  are  natives  of  temperate  regions. 
Three  species  of  Linden  or  Lime-tree  are  found  in  Britain ;  of 
which  the  largest  and  best  known  was  probably  not  originally  a 
native  of  this  country.  This  last  sometimes  grows  to  a  great 
size ;  and  its  wood,  being  light,  soft,  smooth,  close-grained,  and 
not  liable  to  be  worm-eaten,  is  valued  by  carvers  for  ornamental 
works,  and  also  forms  one  of  the  best  kinds  of  charcoal  for  tiie 
manu&otnre  of  gunpowder.  Its  flowers  are  very  fragrant,  and 
are  a  favourite  resort  of  bees,  who  obtain  from  them  not  only 
honey  but  a  large  supply  of  pollen,  which  they  store  up  for  the 
nourishment  of  their  young ;  and  if  a  hive  of  bees  is  at  no  great 
distance  from  a  grove  of  limes,  it  may  be  known  when  these  are 
in  flower,  by  the  hirge  number  of  bees  that  will  return  laden 
with  little  pellets  of  the  bright  yellow  pollen  which  these  blos- 
soms furnish.  There  are  perhaps  no  trees  which  form  so  beau- 
tiful an  avenue, — the  peculiar  mode  in  which  the  branches  arise 
from  the  stem  and  meet  above,  giving  them  very  much  the  aspect 
of  the  Gothic  columns  and  arches  of  a  cathedral ;  and  when  the 
lover  of  Nature  walks  beneath  their  luxuriant  foliage,  '*  at  dewy 
eve  distilling  odours,"  he  feels  them  to  constitute  a  fit  temple 
for  the  worship  of  Nature's  God.  The  characters  by  which  tiiis 
order  is  distinguished  are  such  as  to  show  its  near  alliance  with 
the  MalvacesB.  The  calyx  consists  of  four  or  five  valvular  sepab ; 
and  the  corolla  of  an  equal  number  of  petals,  which  are  rarely 
wanting.  The  stamens  are  indefinite  in  number,  and  not  united 
into  a  tube  ;  and  the  anthers  are  two-celled,  bursting  longitudi- 
nally. The  pistil  is  formed  of  four  to  ten  united  carpels,  having 
a  single  style,  and  stigmata  equal  in  number  to  the  carpels,  as  in 
the  BromacesB.  The  partitions  are  permanent,  so  as  to  divide 
the  fruit  into  ceUs.  They  are  at  once  known  from  the  Mal- 
vaceae and  two  succeeding  orders,  by  the  non-adhesion  of  the 
stamens ;  and  from  the  Malvacess  and  Bombacess  by  their  two- 
celled  anthers.  In  their  general  properties,  the  Tiliacess  resem- 
ble the  Malvacesd ;  they  are  quite  harmless,  and  contain  a  con- 
siderable quantity  of  mucilage.     The  sap  of  the  Lime  abounds 
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in  saccharine  matter,  from  which  a  good  sugar  has  been  ex- 
tracted, and  a  pleasant  wine  obtained  by  fermentation  ;  and  its 
nnts  are  said  to  possess,  when  roasted,  something  of  the  flaTour 
of  chocolate.  The  bark  of  most  species  of  the  order  is  tough  and 
strong,  and  easily  separable  into  layers ;  and  from  these,  mats, 
baskets,  and  cords  are  made  in  many  countries. 

556.  The  small  order  Dipterocarprs,  nearly  allied  to  this, 
is  worthy  of  notice,  on  account  of  its  containing  the  Camphor- 
tree  of  Sumatra,  from  which  our  chief  supplies  of  camphor 
(§.  383)  will  probably  hereafter  be  obtamed,  though  they  are  at 
present  derived  mostly  from  a  species  of  Liaurel.  This  product 
is  stored  up  in  the  former,  in  receptacles  (§.  96)  sometimes  a  foot 
and  a  half  long ;  but  the  tree  must  be  deeply  cut  into,  in  order 
to  open  these.  Some  other  trees  of  this  group  (which  is  entirely 
confined  to  tropical  climates)  afford  small  quantities  of  resin  ;  it 
is  from  one  of  these  that  the  Piney  tallow  (§.  382),  and  from 
another  that  Copal  (§.  377)>  is  obtained. 

559.  The  next  order  to  be  particularly  noticed  is  one  of 
special  interest,  from  its  furnishing  a  product  which,  without 
being  in  the  least  nutritious,  is  considered  by  the  Englishman,  in 
almost  all  ranks,  as  one  of  the  most  indispensable  articles  of  his 
diet.  This  order  is  that  of  Camelliacejb,  the  Camellia  tribe, 
well  known  to  the  Horticulturist  for  the  beauty  of  its  flowers ; 
and  it  is  from  yarious  species  included  in  it  that  Tea  is  obtained. 

The  CameUia^  now  cultivated  in 
most  gardens,  will  afford  a  good 
illustration  of  the  characters  of 
the  order,  which  approach  those 
of  the  succeeding  one.  The 
calyx  is  composed  of  from  5  to 
7  sepals,  unequal  in  size,  of 
rather  tough  consistence,  and  in 
some  degree  overlapping  each 
other.  The  petals  are  from  5 
to  9,  also  occasionally  imbri'- 
cated,  and  sometimes  slightly 
The  number  of  stamens  is  indefinite ;  and 


Fio.  147'— SnftjCTURB  or  Fu>frsm  or 
Tka  Plakt.  a,  calyx,  with  orariuin  out 
across.  B,  petal,  with  bundle  nf  stamens 
adherent  to  it  C.  Tertleal  ^sotinn  of  ora- 
rium,  with  the  three  styles. 


adherent  at  the  base. 
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tlto7  are  genendl7  onited  at  the  base  into  one  or  more  bundles. 
The  oTarinm  is  formed  of  from  3  to  6  carpels,  more  or  leas 
united,  with  separate  styles ;  each  cell  originally  contains  sevend 
ovules.  In  the  ripe  capsule,  there  are  only  three  cells,  each  con- 
taining but  one  seed  (the  other  OTules  not  haying  been  deve- 
loped) ;  and  this  is  lai^,  with  fleshy  cotyledons  that  contain  a 
luge  quantity  of  oil,  and  is  destitute  of  albumen.  The  Camel- 
lias are  celebrated  for  the  great  beauty  of  their  foliage,  and  the 
splendid  colours  of  their  blossoms,  which  vary  through  every 
shade  and  mixture  of  red  and  white.  The  C.  Japonica  is  a  lofty 
tree  in  its  native  country ;  and  even  in  our  conservatories  it  some- 
times reaches  a  considerable  siae.  The  leaves  of  some  species  of 
Camellia  have  been  used  as  Tea ;  but  this  is  properly  derived 
from  the  genus  ITkea. 

560.     Notwithstanding  the  many  difierent  kinds  of  Tea  ex- 
ported from  China,  it  has  now  been  ascertained  that  they  are 


Fm.  148.— TsA  Plamt. 


all  the  produce  of  two  species ;  one  of  them  called  7%ea  viridis^ 
from  its  having  been  supposed  to  be  the  plant  employed  in 
making  green  tea ;  the  other  called  Thea  bohea,  having  been  in 
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like  maimer  considered  the  black  tea  plant.  It  is  now  quite 
certain,  however,  that  both  kinds  of  tea  may  be  produced  from 
either  species,  the  chief  difference  between  these  articles  being 
dependent  upon  the  mode  in  which  they  are  prepared.  The 
black  and  green  teas  of  the  northern  district  of  China,  from 
which  the  foreign  markets  are  chiefly  supplied,  are  the  produce 
of  the  Thea  viridis ;  whilst  the  teas  of  both  kinds  mauufac- 
tnred  in  the  neighbourhood  of  Canton,  are  obtained  from  the  Thea 
6oA«a.  By  some  botanists  these  two  species  are  regarded  as 
varieties  of  the  same;  each  of  them  is  liable  to  undergo  nume- 
rous variations,  under  the  influence  of  soil,  climate,  exposure, 
&c.;  and  to  these  differences,  in  combination  with  diversities 
in  the  time  of  gathering  the  leaves  and  in  the  mode  of  pre- 
paring them,  we  are  to  ascribe  the  great  number  of  varieties  in 
the  product.  In  the  preparation  of  black  tea,  the  leaves  are 
exposed  to  air  after  being  picked,  but  are  kept  cool  until  they 
begin  to  emit  a  slight  degree  of  fragrance,  apparently  in  con- 
sequence of  having  undergone  an  incipient  fermentation,  like 
that  which  produces  the  aroma  of  hay.  They  are  then  roasted 
at  a  moderate  heat  over  the  fire,  until  they  give  out  a  fragrant 
smell  and  become  quite  soft  and  flaccid ;  after  which  they  are 
rolled  under  pressure,  again  roasted  and  rolled  until  the  juices 
are  pressed  out,  and  finally  dried  and  twisted  between  the  fin- 
gers. On  the  other  hand,  in  order  to  make  green  tea,  the  leaves 
are  roasted  as  soon  as  possible  after  gathering  ;  and  they  are 
exposed  in  this  process  to  a  much  higher  temperature  than  that 
employed  for  black  tea.  They  are  then  spread  out  to  cool,  and 
afterwards  again  roasted  at  a  lower  temperature.  When  cooled 
a  second  time,  they  are  of  a  dark  olive  colour.  In  the  third 
roasting,  which  is  the  final  drying,  the  heat  is  again  diminished; 
and  it  is  then  that  the  colour  of  the  leaves  changes  to  that 
bluish  tint,  resembling  the  bloom  of  fruit,  which  gives  to  this 
tea  its  peculiar  appearance.  The  peculiar  properties  of  green 
tea  are  obviously  due  to  a  chemical  change,  brought  about  by 
the  action  of  a  high  temperature  on  the  juices  of  the  leaves  ; 
and  it  is  only  in  the  inferior  kinds  that  any  artificial  colouring 
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ingredients  are  emplojecL  The  Tea  plant  is  cnltiTated  in 
China  from  about  the  27th  to  the  8dd  d^ree  of  north  latitude; 
but  it  will  flourish  in  regions  more  distant  from  the  Equator  if 
the  climate  be  mild  and  equable.  It  has  been  found  growing  wild 
over  extensive  tracts  in  Assam,  at  the  north-east  of  Hindostan;  and 
attempts  are  now  being  made  to  cultivate  it  thereon  a  large  scale 
561*  The  history  of  oommeroe  does  not  ftimish  Buy  parallel 
to  the  circumstances  which  have  attended  the  introductioD  of  Tea 
into  Great  Britain.  The  leaves  are  sud  to  have  been  first  em- 
ployed by  the  Chinese  to  cover  the  taste  of  their  water,  which  is 
in  many  districts  Inrackish  and  nnpaUtable;  and  the  infusion 
being  found  to  be  pleasant  in  its  flavour,  and  productive  of  au 
agreeable  excitement,  the  practice  of  drinking  it  gradually  ex- 
tended in  those  places  where  the  water  was  good,  and  at  length 
was  introduced  into  Europe.  The  leaf  was  first  imported  by  the 
Dutch  East  India  Company  in  the  early  part  of  the  seventeenth 
century ;  but  it  does  not  appear  to  have  found  its  way  to  Eng- 
land until  about  the  year  1650.  The  first  historical  notice  of  it 
is  in  an  Act  of  Parliament  of  the  year  16d0,  in  which  it  was 
enumerated  as  one  of  the  beverages  sold  in  cofiee -houses,  on 
which  a  duty  was  to  be  laid.  That  it  was  not  then  a  common 
drink,  is  evident  from  an  entry  in  the  private  Journal  of  Mr. 
Pepys,  Secretary  to  the  Admiralty,  who  says,  Sept.  25,  1661, 
*^  I  sent  for  a  cup  of  tea  (a  China  drink),  of  which  I  had  never 
drunk  before."  In  1664,  the  British  East  India  Company  sent 
two  poundi  of  tea  as  a  present  to  the  King.  In  1667  they  issued 
their  first  order  to  import  tea,  directed  to  theur  agent  at  Bantam, 
to  the  effect  that  he  should  send  home  lOOlbe.  of  the  best  tea  he 
could  get.  Since  then,  the  consumption  has  gone  on  regularly 
increasing.  In  1734,  the  quantity  imported  was  about  632,0001b6; 
in  1768,  it  was  nearly  seven  million  pounds;  in  IBOO,  it  was 
twenty  millions ;  and  during  the  last  four  years  of  the  East  India 
Company^s  charter,  the  average  quantity  imported  was  31^ 
millions.  Since  the  abolition  of  the  monopoly,  and  the  conse- 
quent reduction  of  prices,  the  consumption  has  increased  still 
more  lapidly ;  the  amount  imported  having  in  some  years  nearly 
reached  50  million  pounds,  of  which  above  44  million  pounds 
were  consumed  in  Great  Britain  and  Ireland, — a  quantity  much 
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exceeding  that  oonsumed  in  all  the  rest  of  Europe  and  America^ 
To  proTide  a  sufficient  supply  of  this  article,  many  thousand  tons 
of  the  finest  mercantile  navy  in  the  world  are  annually  employed, 
in  trading  with  a  people  by  whotie  government  all  dealings  with 
foreigners  have  until  recently  been  discouraged ;  and  an  important 
source  of  roTenue,  averaging  from  three  to  four  millions  sterling, 
is  obtained,  through  a  moderate  duty  upon  its  importation,  by 
the  state. 

562.  Although  the  plants  of  this  order  which  are  known  in 
European  gardens,  are  chiefly  from  China  or  North  America, 
these  form  but  an  inconsiderable  part  of  the  whole ;  7  or  8 
species  being  all  that  are  contained  in  the  first  of  these  countries, 
and  4  in  the  latter ;  while  between  00  and  70,  all  beautiful  trees 
and  shrubs,  are  natives  of  the  woods  of  South  America ;  and 
about  20  more  are  known  in  the  East  Indies. 

Ordtr  AuRANTiACELS,  ar  Orange  tribe. 

563.  The  group  of  plants  producing  Oranges,  Lemons, 
Limes,  Citrons,  Shaddocks,  Forbidden-fruit,  and  the  like,  is 
readily  distinguished  from  the  rest  of  the  Vegetable  Kingdom, 
by  several  evident  characters,  which  give  to  its  structure  much 
interest ;  and  it  is  also  one  of  great  value  to  Man,  on  account  of  the 
large  quantity  of  grateful  and  refreshing  fruit  with  which  it 
supplies  him,  in  the  very  climates  where  it  is  most  needed.  It 
is  remarkable  as  being  the  only  tropical  fruit  which  can  be  intro* 
duoed  into  this  country,  at  a  cost  little  exceeding  that  of  our 
ordinary  native  fruits ;  and  whilst  it  thus  offers  a  gratification 
within  reach  of  the  poorer  classes,  it  is  so  superior  to  other  fruits, 
that  it  cannot  be  despised  for  its  cheapness  even  by  the  richest. 
From  the  amount  of  duty  paid  upon  Oranges,  it  has  been  calcu- 
lated that  about  272  millions  are  annually  imported ;  which  gives 
an  average  of  nearly  a  dooen  to  each  individual  of  the  popula- 
tion. This  abundance  is  due  in  part  to  the  prolifioness  of  the 
tree ;  a  single  individual,  at  St.  Michael's,  having  been  known 
to  produce  20,000  Oranges,  fit  for  packing,  exclusive  of  the 
damaged  firuit  and  waste,  which  may  be  calculated  at  a  third 
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more.  It  is  alto  due  to  certain  qualities  in  the  fruit  itself,  which 
allow  it  to  be  kept  for  a  considerable  time,  with  less  alteration 
than  fruit  of  an7  other  kind.  Of  these  qualities,  one  of  the  most 
remarkable  consists  in  the  thick  spongy  rind,  which  resists 
changes  of  temperature  hj  its  non-conducting  power ;  and  in  the 
large  amount  of  minute  oil-receptacles  by  which  the  surface  is 
occupied,  the  contents  of  which  almost  entirely  prevent  the 
eyaporation  of  the  watery  fluid  within,  and,  by  their  acridity^ 
resist  the  attacks  of  insects,  &c.  from  without  Hence  inteniAl 
decay  is  the  only  accident  by  which  oranges  are  liable  to  be 
destroyed  ;  and  this  does  not  happen  for  a  long  time,  if  the  rind 
remains  uninjured,  so  as  completely  to  exclude  the  air  from  the 
interior,  and  if  they  are  well  yentilated,  and  kept  free  from 
moisture,  which  would  cause  the  exterior  to  decompose. 

564.  If  we  examine  any  plant  of  the  Orange  tribe,  grown 
in  a  hot-house  in  this  country,  or  in  the  open  air  in  its  native 
clime,  we  may  at  once  obserre  that  it  has  a  peculiar  aspect,  in 
consequence  of  the  surface  of  its  leaves  being  covered  with  minute 
yellowish  dots.  These  dots  are  little  receptacles  for  secretion,  filled 
with  an  essential  oil  very  fragrant  to  the  smell,  though  acrid  to 
the  taste ;  the  leaves  possess  some  fragrance  in  their  natural 
state,  but,  if  they  be  crushed  between  the  fingers,  this  is  very 
much  increased,  part  of  the  receptacles  being  then  ruptured. 
These  little  cavities  exist  not  only  beneath  the  surfsuses  of  the 
leaves  and  fruit,  but  also  in  the  leafy  parts  of  the  flower,  which 
owes  most  of  its  fragrance  to  them.  On  further  examining  the 
leaves,  it  will  be  observed  that  they  are  articulated  or  jointed  at 
the  junction  of  the  blade  with  the  petiole,  and  that  the  latter  is 
expanded  (more  or  less  in  the  different  species)  into  a  sort  of 
small  supplementary  leaf,  by  the  development  of  a  narrow  blade 
from  each  side.  In  some  species  the  leaves  are  pinnate ;  and 
it  occasionally  happens  that  tiie  leaflet  of  one  side  only  is  deve- 
loped, or  that  even  both  are  absent ;  so  that  the  petiole,  which  is 
then  much  enlarged,  has  to  perform  the  functions  of  the  true 
leaf,  as  in  some  other  cases  (§.  228).  The  calyx  has  the  shape  of  a 
cup,  being  formed  of  five  sepals  (in  some  species  only  three) 
united  at  theur  lower  portion,  and  separating  above  into  as  many 
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toeth ;  it  earty  fallB  off.  The  petals  are  equal  in  number  to  the 
sepals ;  they  are  sometimes  slightly  adherent  at  the  base ;  and 
in  the  Orange  they  are  fleshy  and  white,  with  dots  of  green.  The 
stamens  are  equal  in  number  to  the  petals,  or  are  twice,  or  some 
multiple,  of  their  number ;  the  filaments  are  rather  flattened  at 
the  base,  and  are  sometimes  adherent  into  one  bundle,  sometimes 
into  several,  and  are  sometimes  altogether  free,  as  in  the  Orange 
itself.  The  pistil  has  a  nearly  globular  ovarium,  composed  of 
several  adherent  carpels ;  it  bears  a  thick  tapering  style,  having 
a  slightly-divided  stigma  at  its  pomt ;  and  in  each  cell  of  the 
ovary  there  is  a  doable  row  of  ovules. 


Fio.  I4S^-€iniM  Aiauanmt.  a,  Floww ;  ft;  stamen^  to  diow  tha  vbIob  ol  the  boM 
of  the  filamente ;  c,  pietU ;  d,  tnuurena  Motion  of  the  ofuy ;  t,  ditto  of  the  Irult ; 
/.  eeed. 

565.  During  the  ripening  of  the  Iruit,  however,  a  large  pro- 
portion of  these  o^es  perish ;  and  in  the  Orange  and  its  nearest 
allies,  the  cavity  of  the  seed-vessel  becomes  filled  up  with  a 
pulp  conasting  of  separate  vesicles,  each  containing  a  portion  of 
the  sweet-acid  fluid,  which  is  so  characteristic  of  the  fruit  of  this 
order.  The  aggregation  of  these  cannot  be  distinctly  seen  in  the 
usual  state  of  the  common  Orange,  in  consequence  of  their  dose 
adherence  to  one  another;  but  in  an  over^ripe  Orange,  or  in  one 
grown  in  a  hot-house,  they  are  very  easily  separable.  An  im- 
portant change  takes  place  also  in  the  structure  of  the  carpels 
themselves,  which  will  serve  to  illustrate  the  still  more  striking 
alterations  that  occur  elsewhere.  It  is  to  be  remembered  that 
each  carpel  may  be  regarded  as  composed  of  the  same  elements 
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which  form  b  lead;  uid  that  in  some  carpels,  the  rctemUaace  to 
a  leaf  is  rery  disiiBot  ($.  462).  Sii{^>06ing  the  two  edges  of  the 
oarpeUiry  leaf  to  be  ftdded  together,  as  represented  in  Fig.  97* 
we  should  hare  the  cuticle  of  the  ander  so^oe  beconung  the 
Kning  of  the  caTity,  the  catide  of  the  upper  snrUMe  forming  liB 
external  wall,  and  the  pareBchjma  or  ftoshy  tiasue  of  the  leaf 
interrening  between  them.  The  amonnt  of  this  parench jma  is 
subject  to  much  Tariation ;  and  the  two  cuticles  often  undergo 
great  changes  in  structure  and  degree  of  density.  The  oyacinin 
of  the  Orange  is  to  be  regarded  (as  already  stated)  as  made  up 
of  a  considerable  number  of  carpels  adherent  to  eadi  other ;  and 
in  its  early  condition,  the  walls  of  these  are  everywhere  of  the 
same  firm  fleshy  character.  During  the  ripening  of  the  fruit, 
howerer,  the  rind  or  external  wall  is  separated  from  the  innor 
wall  by  a  quantity  of  ^ngy  parenchjrma,  which  in  some  spedes 
(as  the  Shaddock)  attains  a  very  considerable  thickness;  the 
outer  walls  of  all  the  carpels  unite  together  to  form  one  conti- 
nuous euTelope ;  whilst  the  inner  walls,  enclosing  the  pulp  and 
seeds,  are  easily  separated  from  this  and  from  each  oUier.  In 
the  Plum,  Cherry,  Peach,  and  other  stone  fruits,  which  belong 
to  the  (Hfder  Bosaoe»,  the  change  is  still  more  decided.  In  these, 
eadi  fruity  which  is  the  ripened  OTary,  oontains  but  one  cell ; 
and  each  cell  usually  mcludes  but  a  single  oTule  when  mature, 
though  at  an  earlier  period  it  may  have  contained  several.  Now 
th^  lining  or  inner  wall  of  the  ovary  here  becomes  greatly  con- 
densed, forming  the  stone ;  the  outer  membrane  continues  to  exist 
as  the  cuticle  or  skin  of  the  fruit;  and  it  is  the  fleshy  part  of  the 
carpellary  leaf,  very  much  increased  in  amount,  that  forms  the 
edible  portion.  In  such  instances,  the  outer  is  called  the  #^ 
^arpy  the  inner  wall  or  stone  the  €mhcarpf  and  the  succulent  flesh 
the  $areoc(»j>. 

566.  The  various  species  of  the  Orange  tribe  are  ahnost  all 
native?  of  the  East  Indies  and  China,  whence  they  have  been 
transported  to  other  countries  within  or  near  the  tropica.  They 
nearly  all  contain  sugar,  dtrio  acid,  an  aromatic  essential  oil, 
and  a  bitter  principle  having  tonic  properties;  but  these  are 
combined  in  varying  proportions  in  different  fruit.    Thus  in  the 
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common  Oiltnge  the  sagur  preyaila,  Msd  the  acid  (when  the 
firoit  it  ripe)  is  subordinate.  In  the  Lemon,  the  acid  is  alwaja 
predominant  in  the  pnlp,  and  the  oil  is  more  abundant  in  the 
rind.  In  the  Shaddodc,  and  still  more  in  the  Seyille  Orange, 
ihe  bitter  principle  manifests  itself.  Various  species,  unknown 
in  this  oounfery,  are  used  as  articles  of  food  by  the  inhabitants 
of  the  countries  of  which  they  are  natives;  and  from  some  a 
Taluable  timber  is  derived.  The  Orange  and  its  allied  spedee 
require  two  years  to  mature  their  frnit ;  and,  as  they  continue 
flowering  all  tiizough  the  summer,  a  healthy  tree  exhibits, 
during  a  oonsideraUe  part  of  each  year,  every  stage  of  the  fHro- 
duction,  from  the  flower-bud  to  the  ripe  fruit,  in  perfection  at 
the  same  time.  Most  of  tiie  ranges  and  lemons  intended  for 
transportation  to  a  distance,  however,  are  gathered  whilst  they 
are  still  green ;  for  if  the  fruit  were  allowed  to  become  mature, 
it  would  spoil  in  the  conveyance.  The  gathering  of  oraoges 
and  lemons  for  the  British  market  generally  occupies  from  the 
beginning  of  October  to  the  end  of  December ;  and  they  would 
require  to  hang  until  the  commencement  of  the  spring,  to  ripen 
fully  on  the  tree.  It  is  remarkable  that  the  Orange  trees  from 
which  the  fruit  is  gathered  green,  bear  plentifully  every  year; 
whilst  those  upon  which  the  fruit  is  suffered  to  ripen,  afford 
abundant  crops  only  in  alternate  years.  The  Oranges  of  St. 
Michael  are  tiie  best  that  are  known  in  Europe ;  but  the  tree 
was  introduced  there  by  the  Portuguese,  as  it  was  by  the  Spa- 
niards into  the  New  World.  The  Orange  is  extensively  culti- 
vated in  Spain  and  Portugal,  where  it  was  early  introduced  by 
the  Moors ;  near  Cordova  there  are  trees  which  are  considered 
to  be  600  or  700  years  old ;  and  in  Andalusia  there  are  exten- 
sive orchards,  which  have  formed  the  principal  revenue  of  the 
monks  for  ages.  In  the  south-east  of  France,  also,  and  in  the 
North  of  Italy,  the  orange  is  cultivated  with  great  success ;  but 
it  does  not  thrive  well  in  the  peninsular  part  of  the  latter  coun- 
try, except  at  the  South.  Besides  the  refreshment  afforded  to 
Man  by  the  cooling  fruits  and  delicious  perfume  characteristic 
of  this  <wder,  it  jrields  him  an  article  of  great  importance  in  his 
manufactures, — lemon  juice, — the  chief  uses  of  which  have  been 
formerly  mentioned  (§  402). 
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567.  The  next  order  to  be  notioed  is  that  of  Ampblid&k, 
whidi  it  principally  important  as  containing  the  common  Grape 
VinSy  which  will  serve  as  an  iUnstration  of  its  charaeteristic 
stmctnre.  Nearly  all  the  plants  of  the  gronp  are  climbers,  and 
most  of  them  support  themselves  by  imdnl».  The  nature  of 
these  organs  differs,  in  almost  every  tribe  of  plants  which  poe- 
sesses  them.  If  the  Pea  be  examined,  its  tendrils  will  be  seen 
to  consist  in  a  prolongation  of  the  midrib  or  central  stalk,  from 
each  side  of  which  the  leaflets  arise.  In  some  plants,  this  office 
is  performed  by  the  prolonged  tips  of  the  petals,  which  twine 
round  any  object  in  their  neighbourhood  that  can  afford  them 
support.  In  the  Tine,  the  tendrils  are  developed  from  a  num- 
ber of  supernumerary  barren  flower-stalks.  The  flowers  of  the 
Vine  grow  on  short  stalks,  which  diverge  from  others,  and  these 
branch  from  the  central  stem ;  in  this  manner,  when  the  fruit 
is  ripe,  a  duster  is  formed,  differing  considerably  from  that,  in 
which  the  fruit-stalks  at  once  proceed  from  the  stem,  as  they  do 
in  the  Currant.  The  former  arrangement  is  called  a  poHtcU,  the 
latter  a  raceme.    The  calyx  is  very  small  and  almost  undivided. 


Fm.  13(W-PoMKNrB  or  trb  wummt or  Comuow  Yun.  A,  flower  opcnlnts  «, calyx^ 
bt  oorolU.  the  petals  detached  at  the  bottom  bnt  united  at  the  top;  e,  ■tameoi;  d, 
glands.  B,  orarium  snnoandad  hy  the  fltumens.  C.  Twtloal  aeelion  of  orarimn,  show- 
inc  its  two  cells  and  ascending  omles;  a,  calyx ;  d,  origin  of  petals ;  e,  glands  ;<!»  stignuu 
D,  horlaontal  seoUoo.   B.  section  of  ripe  fkvlt 


looking  like  an  expansion  of  the  disk ;  within  it  are  seen,  in  the 
bud,  five  petals  which  hold  together  at  the  point,  though  sepa- 
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rate  at  the  base ;  and  these  are  afterwards  detached  and  carried 
upwards  by  the  extension  of  the  stamens.  The  stamens  are  fiye 
in  nnmber,  opposite  to  the  petals ;  there  is,  therefore,  a  whorl 
deficient  (§.  465) ;  and  the  abortiye  rodiments  of  this  we  find 
in  fiye  little  glands  prelecting  from  the  disk,  which  alternate 
with  the  folly-deyeloped  stamens.  Within  the  circle  of  stamens 
is  found  a  two-celled  oyarium,  surmounted  by  a  single  stigma, 
which  is  not  supported  upon  a  style,  but  seated  at  once  upon 
the  oyarium  ;  hence  it  is  said  to  be  $etnle»  In  each  cell  are  two 
erect  (§.  500)  or  ascending  oyules.  The  fruit  is,  as  is  well  known, 
a  succulent  berry,  with  from  one  to  four  hard  seeds  contained  in 
its  pulp ;  the  original  dirision  into  two  cells  is  nearly  oblite- 
rated, when  the  fruit  is  ripe.  An  additional  character  which 
may  be  remarked  in  the  common  Yine  and  its  allies;  and 
which  is  interesting  as  showing  the  affinity  between  this  order 
and  the  succeeding  one,  is  the  tendency  to  a  swelling  or  tumi- 
dity, in  the  branches,  near  the  points  from  which  the  leayes 
proceed ;  and  in  the  Tine,  the  young  branches  haye  the  diri- 
sions  into  node$  marked  nearly  as  strongly  as  they  are  in  the 
Grasses  (§.  148). 

568.  The  pUnts  of  this  group  are  naturally  inhabitants  of 
the  milder  and  hotter  parts  of  both  hemispheres,  especially  of 
the  East  Indies.  There  is  a  yery  close  resemblance  in  essential 
characters  amongst  them  all ;  though  in  subordinate  peculiari- 
ties ihe  tendency  to  yariation  is  considerable.  The  mode  of 
growth,  and  the  form  of  the  leayes,  are  nearly  the  same  through- 
out; and  the  chief  obyious  di£Perence  is  in  the  size  of  their 
flowers,  which  are  usually  greenish  in  colour,  and  in  the  taste 
of  their  fruit.  In  the  Fox-grape  of  America,  for  instance,  the 
berries  haye  a  yile  indescribable  taste,  which  has  been  compared 
to  the  odour  of  the  fox ;  in  the  Biyer-grape,  they  are  smaU, 
blade,  and  acid,  but  the  flowers  have  a  delicious  odour,  which 
makes  amends  for  their  minuteness.  The  genera  Cumt,  and 
Ampelopm^  many  species  of  which  are  well  known  as  creepers 
(the  most  common  of  which  is  the  Virginian  Creeper),  difier 
from  the  Vines  in  haying  the  leayes  diyided  into  fiye  distinct 
segments;  and  they  are  remarkable  for  the  rich  crimson  huio 
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whidi  ihcte  uvame  in  auiamn.  Some  spemes  of  these  posBeas 
aetringent  propertiee,  in  addition  to  the  ordinary  acid  of  their 
froit;  and  in  the  Virginian  Creeper  there  is  a  considerable 
amount  of  acid  in  the  leaves,  which  caoses  them,  when  luraised 
and  applied  to  the  skin,  to  raise  Uisters.  Hence,  these  plants 
have  been  used  medicinally  in  some  countries;  bnt  not  with 
any  peculiar  advantage. 

569.  Few  plants  have  been  more  dierished,  and  more  Tita* 
perated,  than  Uie  Vine.  It  most  be  confessed  that,  if  mankind 
oonld  abstain  from  the  abnse  of  its  products,  there  is  no  tree 
that  affords  more  acceptable  or  refreshing  fruit ;  but  the  abase 
has  been  so  prevalent  wherever  the  use  has  extended,  and  its 
consequences  have  been  so  pernicious,  that  it  may  be  questioiied 
whether  the  evil  dispositions  of  Man  have  not  turned  that  to  a 
curse,  which  the  Bountiful  Creator  certainly  intended  as  a  bless* 
ing.  The  cultivation  of  the  common  vine,  which  is  not  native 
to  Europe,  but  which  now  grows  wild  near  the  coasts  of  the 
Caspian  Sea,  in  Armenia,  &c.,  and  which  probably  extended,  at 
an  early  period  of  the  history  of  Man,  ov^  all  parts  of  the  earth 
then  tenanted  by  him,  may  be  traced  to  a  very  high  antiquity. 
Its  growth)  and  the  preparation  of  wine  from  it,  were  probably 
branches  of  antediluvian  history ;  for  we  read  that,  immediate^ 
after  the  Deluge,  Noah  planted  a  vineyard,  and  drank  of  the 
wine,  even  to  intoxication  ;  so  that  the  sin  of  habitual  drunken-, 
nees  is  likely  to  have  been  one  of  those,  which  led  to  that  agnal 
manifestation  of  the  Divine  displeasure.  From  £g3rptian  tra- 
dition, the  culture  of  the  vine  appears  to  have  been  practised  in 
that  country,  at  the  earliest  period  of  its  settlement.  It  was 
gradually  spread,  with  the  progress  of  civilisation  and  of  inter* 
course  between  nations,  from  its  native  habitation  in  Central 
Asia,  to  Greece,  Sicily,  and  Italy;  and  thence  to  Portugal, 
Spain,  and  France.  Its  introduction  into  Britain  seoms  to  have 
been  due  to  the  Romans ;  but  the  average  temperature  of  this 
country  is  too  low  for  its  successful  cultivation  in  the  open  air. 
With  the  assistance  of  artificial  heat,  however,  aided  by  rich 
manure,  and  trained  by  horticultural  skill,  the  vines  grown  in 
this  country  have  surpassed  all  others  in  the  siae  and  luscious- 
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11668  of  their  fruit.  It  hns  not  been  fonnd  generally  worth 
while,  however,  to  make  wine  from  the  juide  of  British  grapes  ; 
since  those  produced  in  hot-houses  are  by  far  too  valuable  for 
such  a  purpose ;  and  those  grown  without  artificial  heat  do  not 
contain  enough  sugar,  to  enable  the  fermented  liquor  to  rival 
that  obtained  from  the  vineyards  of  warmer  climates.  Some 
centuries  since,  however,  when  foreign  wines  were  less  readily 
obtainable  in  Britain,  large  quantities  of  wine  were  made  in  the 
southern  part  of  our  island.  Even  so  late  as  the  year  1763, 
sixty  pipes  of  wine  resembling  Burgundy  were  made  from  the 
produce  of  a  vineyard  belonging  to  the  Duke  of  Norfolk,  near 
Arundel  Castle  on  the  south  coast  of  Sussex ;  and  at  the  present 
time  there  are  still  two  or  three  vineyards  near  the  south  coast 
of  Devon,  from  which  wine  in  small  quantities  is  commonly 
made. 

570.  The  culture  of  the  vine  as  an  article  of  husbandry 
extends  over  a  zone  stretching  from  about  the  Slst  to  the  50th 
degree  of  north  latitude,  and  consequently  about  2000  miles  in 
breadth;  and  reaching  in  length  from  the  western  shores  of 
Portugal  to  the  North  of  India.  The  best  wines  are  made  about 
the  centre  of  the  zone;  those  of  the  north  being  harsh  and 
austere ;  whilst  the  juice  of  the  grapes  of  the  south  too  soon 
passes  into  the  acid  fermentation,  so  that  they  are  better  adapted 
for  being  dried  as  raisins.  Hence  in  Spain  and  Greece,  the  vine- 
yards of  the  higher  grounds  produce  the  best  wines ;  whilst  tlie 
grapes  produced  upon  the  low  hot  shores  have  always  to  be  dried. 
On  the  other  hand,  in  Madeira  and  the  neighbouring  islands,  in 
which  the  near  proximity  of  the  sea  on  every  side  tends  to 
prevent  intense  heat,  some  of  the  most  highly-prized  wines  are 
produced,  although  they  are  much  nearer  the  southern  border  of 
the  zone.  '^  A  vineyard,  associated  as  it  is  with  all  our  ideas  of 
beauty  and  plenty,  is  in  general  a  disappointing  object.  The 
hop  plantations  of  our  own  country  are  far  more  picturesque.  In 
France,  the  vines  are  trained  upon  poles,  seldom  more  than  three 
or  four  feet  in  height.  In  Spain,  poles  for  supporting  the  vines 
are  not  used ;  but  cuttings  are  planted,  which  are  not  permitted 
to  grow  very  high,  but  gradually  form  thick  and  stout  stocks. 
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In  Switsoiuid,  and  m  the  Gbrauui  proTinoeS|  the  Tinejrards  are 
a«  fonnal  at  thoae  of  France.  But  in  Italy  is  foond  the  true 
Tine  of  poetry,  ^  ■nrroonding  the  atone  cottage  with  its  girdle, 
flinging  its  pliant  and  lozuriant  hranches  over  the  matic  Terandah, 
and  twining  its  long  garland  from  tree  to  tree.'  It  was  the 
Inznriance  and  the  heauty  of  her  Tines  and  olires,  that  tempted 
the  mde  people  of  the  North  to  ponr  down  npon  her  fertile  fidda. 
In  Ghreeoe,  too,  as  well  as  Italy,  the  shoots  of  the  Tines  are 
either  trained  upon  trees,  or  snpported,  so  as  to  di^lay  all  their 
loxnrianoe,  upon  a  series  of  props.  This  was  the  custom  of  the 
ancient  Tine-growers;  and  their  descendants  haTe  preeerTed  it 
in  all  its  picturesque  originality.  The  Tine-dressers  of  Persia 
train  their  Tines  to  run  up  a  wall,  and  curl  oTer  on  the  top.  But 
the  most  luxurious  cultiTation  of  the  Tine  in  hot  countries,  is 
where  it  cotots  the  trellis-work  which  surrounds  a  well,  iuTiting 
the  owner  and  his  family  to  gather  beneath  its  shade.  *  The 
fruitful  bough  by  a  well'  (Genesis  zlix.  22)  is  of  the  highest 
antiquity." 

571.  The  Tine  lasts  to  a  considerable  age;  it  spreads  also  to 
a  large  extent,  or  when  supported,  rises  to  a  great  height. 
Although  it  bears  plentifully  at  three  or  four  years,  it  is  said 
that  Tineyards  improTe  in  quality  till  they  are  fifty  years  old. 
In  France  and  Italy,  there  are  entire  Tineyards  still  in  existence, 
and  in  full  bearmg,  which  were  in  the  same  condition  at  least 
three  centuries- ago.  Many  Tines  in  this  country  are  aboTe  100 
years  old.  A  Tine  existed  at  Northallerton,  in  17B5,  which 
coTcred  a  surface  of  137  square  yards,  and  the  principal  stem  of 
which  was  about  15  inches  in  diameter ;  it  was  then  about  100 
years  old,  and  it  increased  in  size  afterwards,  but  it  is  now  dead. 
There  is  at  present  a  Tine  grown  under  glass  at  Hampton  Court, 
which  coTors  a  surface  of  22  feet  by  72,  or  1094  square  feet; 
this  bears  seldom  less  than  2000  dusters  CTery  season ;  and  in 
1816  there  were  at  least  2240,  each  weighing  on  the  aTerage  a 
pound.  Vine-growers  enumerate  nearly  300  different  kinds  of 
grapes,  which  are  all, — whether  black,  white,  blue,  or  Taried  in 
colour, — but  Tarieties  of  the  same  species.  The  quantity  of 
foreign  wine  of  Tarious  descriptions  imported  into  Oieat  Britain 
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in  the  year  1830,  was  nearly  tm  miUtani  of  gaUoniy  from  which 
the  revenue  derived  a  duty  of  nearly  two  millions  sterling.  The 
quantity  of  raisins  imported  was  about  ten  tkauiond  Ums^  the 
duty  upon  which  amounted  to  135,000/.  An  article  still  more 
largely  imported,  is  known  under  the  name  of  '*  Zante  currants;** 
of  these,  which  are  really  small  dried  grapes  grown  in  the  Ionian 
Islands,  the  importation  was  in  1839  to  the  amount  of  more  than 
ten  thousand  tons,  the  duty  on  which  was  neariy  190,000/. 
These  &cts  will  serve  to  show  the  vast  extent  over  which  the 
vine  must  be  cultivated,  in  order  to  yield,  to  Britain  alone,  so 
large  an  amount  of  valuaUe  products. 


Order  Oeraniacba,  or  Geranium  Tribe. 

572.  This  order  is  chiefly  interesting  on  account  of  the  large 
number  of  species  which  are  natives  of  Britain,  and  the  amount 
of  other  kinds  which  are  now  naturalised  here,  being  cultivated 
for  their  showy  and  elegant  blossoms*  What  are  commonly 
termed  Geramwm  by  the  horticulturists  are  not  really  such,  but 
belong  to  the  allied  genus  Pelargonium.  Of  the  real  Geraniums, 
some  species  or  other  may  be  found  growing  wild  almost  every- 
where, and  are  commonly  known  by  the  name  of  Granesbill, 
which  tiiey  have  received  on  account  of  a  peculiarity  tiiat  will 
be  presently  noticed.  If  we  examine  almost  any  kind  of  Gera- 
nium, we  shall  find  that,  as  in  the  last  order,  the  stems  are 
tumid  at  the  points  from  which  the  leaves  arise ; — ^a  character 
which  seems  of  slight  importance,  but  which  often  runs  through 
a  particular  Natural  group,  and  enables  us  to  easily  recogniie  the 
plants  belonging  to  it.  Several  flower-stalks  very  commonly 
diverge  from  one  centre  (in  the  same  manner  as  do  the  metal 
stretchers,  by  which  the  whalebones  in  an  umbrella  are  spread 
asunder,)  forming  what  is  called  an  umbel;  but  in  most  of  the 
British  Geraniaoeso,  each  principal  stalk  bears  but  two  flowers. 
The  calyx  consists  of  five  ribbed  sepals,  which  spread  asunder 
when  the  flower  is  open ;  but  when  the  petals  have  fiiUen  ofl*, 
they  contract  again  around  the  young  and  tender  ovaries,  to 
which  they  then  form  an  efficient  protection.    The  petals  are 
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also  five  in  nninber,  except  in  a  few  imtanoes  in  whioh  one  is 
nndeveloped ;  their  veins  are  unosually  prominent,  and  they  give 
to  the  petalt  a  streaked  or  pencilled  appearance.  These  veins 
ooosist  almost  exdusively  of  air-vessels,  and  they  serve  as 
beantifal  objects  of  microscopic  investigation.  The  stamens  are 
nsoally  two  or  three  times  the  number  <^  the  petals;  in  the 
Geraniums  there  are  ten,  and  they  distinctly  form  two  rows,  of 
which  tiie  outer  one  is  shorter  than  the  other ;  and  in  the  Ero- 
dinm  or  Oranesbill,  also  a  British  genus,  the  stamens  of  the  outer 
row  do  not  bear  anthers.  In  the  cultivated  (Geraniums;,  or  Pdar^ 
g<mium$y  the  corolla  is  somewhat  irregular,  the  two  upper  petals 
being  larger  than  the  three  lower,  and  standing  apart,  so  as  to 
give  the  flower  the  appearance  of  having  two  lips.  The  pistil  of 
the  Geranium  tribe  has  a  singular  stnicture.  It  consists  of  five 
carpels  clustered  together  round  an  axis,  which  is  the  disk  pro- 
longed upwards  through  their  centre ;  in  each  cell  of  the  ovarium 
is  a  single  seed.  The  styles  adhere  together  in  such  a  manner  as 
to  form  but  a  single  column,  divided  at  the  top  into  five  lobes, 
which  are  the  stigmas.     (Fig.  151). 

573.  When  the  fruit  is  ripe,  it  resembles  in  a  striking  manner 
the  bill  of  certain  birds;  whence  the  British  Geraniums  are 
known  by  the  name  of  Cranesbill ;  and  the  Erodium  (an  allied 
genus)  by  that  of  Storksbill.  This  singular  appearance  is  owing 
to  a  very  sunple  circumstance.  In  most  plants,  the  styies  shrink 
up  or  fall  off,  at  the  same  time  that  the  flower  fades ;  and,  by 
the  time  the  fruit  is  ripe,  they  have  entirely  disappeared.  But 
in  the  Geranium  the  styles  continue  to  grow  and  harden  as  fast 
as  the  fruit  itself;  and  when  the  latter  is  ripe,  the  styles  project 
from  the  ovaries  in  the  form  of  a  beak.  At  the  time  that  the 
fruit  is  ripe,  the  seeds  are  sown  in  a  very  curious  manner.  The 
carpels  and  styles  are  still  clustered  together  round  the  central 
axis ;  but  the  latter  shorten  in  drying ;  and  as  they  adhere  so 
closely  at  their  points  that  they  cannot  separate  there,  they 
actually  cause  the  separation  of  the  carpels  at  their  base ;  and 
these,  when  torn  up  as  it  were  by  the  roots,  curve  towards  the 
top  of  the  style,  and  at  the  same  time  open  by  the  face  which 
was  previously  adherent,  so  as  to  let  the  seed  drop  out.     Tliis 
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action  takes  place  suddenly:    and  it  may  be  noticed  in  any 

common  Geraniam 

whose  fruit  is  ma- 
ture,   if    gathered 

before  the  dew  is 

off  and  then  put  in 

the  sun ;  the  effect 

of  its  heat  will  be 

to  detach  first  one 

and    then    another 

carpel  with  a  snap- 
ping sound, — the 

jerk     serving     to 

scatter   the    seeds. 

This  peculiar  mode 

of     separation    is 

common     to     the 

whole  order,  and  is 

Tory   characteristic 

of  the  plants  in- 
cluded in  it.  ^'®*  151— Structotik  or  riiOWSR  or  Mbaoow  Gkiunivm. 
K74  Tk^  n-  -A »«**™«°*  and  pistil  ;B,  the  lower  part  of  the  pistil.  «howlM 
O/^,       xne    \»e-   the  clustered  carpels;  C,  section  of  the  pistil,  ihowlng  a, 

raniaceSB  are  exten-  ***•  ^^^^  ■***  *♦  ***®  prolonged  azla,  round  which  the  carpels 
•      1      j'n*       J  ***  clustered,  and  which  forms  the  hard  bcok  in  the  ripe 

SlVely  dlffnSea  over  fmlt    D,  a  oouple  of  ripe  fruit,  enreloped  In  the  calyx 

tliA      (tIaKa        ftAmA   *>«lo'^«*»»«**yl««P«>J«»*ln««l»^»;a»  to  a  carpel  which  has 

me      glOOe,       some   heen  detached  hy  the  hardening  and  contnwUon  of  its  style 

genera  being  re- 
stricted to  one  quarter,  and  others  to  a  different  part.  The 
ehief  residence  of  the  Pelargoniums  is  at  the  Cape  of  Good 
Hope,  from  which  all  the  showy  Geraniums  (so  called)  which 
ornament  our  windows  and  gardens,  have  been  derived^ 
These  have  been  greatly  improved  by  cultivation,  and  many 
new  varieties  have  sprung  up ;  and  their  number  has  been  still 
further  extended  by  hybridism,  which  can  be  very  effectually 
performed  in  this  group,  the  offspring  almost  always  pre- 
senting a  complete  intermixture  of  the  characters  of  its  parents. 
Thus,  if  we  take  the  pollen  of  a  plant  with  red  flowers,  and 
place  it  upon  the  stigma  of  one  which  has  white  flowers,  the 
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seed  will  prodaoe  a  plant  having  light-red  flow«» ;  or  if  we 
cause  a  sort  with  lai^  unsightly  flowers  to  intermix  with  one 
haying  small  neat  flowers,  we  shall  probably  obtain  a  Tariety 
haying  large  flowers  that  are  as  neat  in  appearance  as  those  of 
the  small  flowered  kind.  This  intermixture  will  only  take 
place,  however,  among  varieties  of  the  same  species,  or  among 
species  nearly  reUted  to  each  other;  there  are  some  Pelargo* 
niums  which  will  not  hybridize  together;  and  the  Pelargoniam 
is  not  fertile  with  the  Oeranium.  The  Chraniaceie  are  not 
marked  by  any  very  active  properties ;  they  possess,  however, 
some  astringency,  and  also  an  aromatic  resinous  principle.  The 
stem  of  a  foreign  species  of  (Geranium  bums  like  a  torch,  and 
gives  out  an  agreeable  odour.  The  root  of  an  American  species 
is  considered  a  valuable  astringent,  and  is  known  by  the  name 
of  Alum  root.  The  British  species  commonly  termed  Hestb^ 
Robert,  is  held  in  repute  for  its  medicinal  virtues  in  some  parts 
of  the  country. 

575.  Very  nearly  allied  to  the  C^eraniacesB  is  the  small  order 
Tropj^oleje,  of  which  the  members  are  all  natives  of  tropical 
America,  but  of  which  one  species  is  now  commonly  naturalised 
in  our  gardens  under  the  name  of  Natturtium  (which  is,  how- 
ever, an  incorrect  one),  sometimes  abbreviated  into  Sturtion,  or 
occasionally  Trophy-cress.  The  common  name  refers  to  the 
similitude  it  bears  in  taste,  smell,  and  general  properties,  to  the 
true  Nasturtia  or  Cresses ; — a  similitude  so  great,  that  the  same 
insects  resort  to  and  feed  on  both.  The  plant  is  cultivated  in  Bri- 
tain for  the  sake  of  its  unripe  ovaria,  which  possess  an  agreeable 
pungency  of  flavour,  and  are  pickled  to  be  lued  like  Capers  as  a 
sauce  to  boiled  mutton.  This  order  differs  from  the  last,  chiefly 
in  the  following  particulars.  The  sepals  of  the  calyx  are  un- 
equal in  size,  and  one  of  them  is  provided  with  a  long  distinct 
spur  (of  which  a  rudiment,  however^  may  be  traced  in  Pelar- 
gonium) ;  this  is  subject  to  great  varieties  of  form ;  indeed  a 
series  of  monstrosities,  such  as  may  often  be  easily  collected  from 
a  single  bed  of  these  plants,  presents  many  cu^ous  phenomena. 
There  seems  a  great  tendency  towards  the  return  to  a  regular 
form,  by  the  equalisation  of  the  sepals ;  in  some  instances  the 
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spur  will  be  found  nearly  or  altogether  deficient;  whilst  in 
others  it  wonld  be  double  or  triple,  the  three  being  sometimes 
united,  sometimes  divergent  from  each  other.  In  one  curious 
specimen  which  came  under  the  Author's  notice,  a  second  spur 
grew  from  the  first, — ^not  downwards,  howeyer,  but  upwards 
mto  the  flower,  judt  as  if  we  push  back  the  finger  of  a  glove,  so 
as  to  project  into  the  part  that  receives  the  hand.  The  petals 
are  also  more  or  less  irregular,  three  being  smaller  than  the  rest, 
and  these  being  occasionally  undeveloped.  The  stamens  are 
eight  in  number,  and  are  perigynous  or  adherent  to  the  calyx 
(§.498)«  This,  then,  is  an  instance  in  which  an  exception 
occurs  to  the  character  that  has  been  taken  as  the  chief  guide  in 
classification ;  for  although  the  perigynous  stamens,  considered 
in  themselves,  would  cause  the  order  to  be  removed  into  the  next 
class,  yet  its  affinity  with  other  Thalamiflor»,  and  especially 
with  C^eraniacesd,  is  so  manifest,  that  it  cannot  be  properly  re* 
moved  from  that  group.  The  ovary  is  made  up  of  three  carpels, 
adherent  as  in  the  last  order,  around  a  central  elongated  axis ; 
these  each  contain  a  single  seed. 

576.  Another  allied  order  is  that  of  Balsaminba,  the  BaUam 
tribe ;  this  has  not,  however,  any  of  those  medicinal  virtues 
which  might  be  inferred  from  its  name,  but  consists  only  of  a 
small  number  of  plants,  which  are  esteemed  for  the  beauty  of 
their  flowers  and  their  elegance  of  aspect.  Of  these,  one  species 
is  a  native  of  Britain,  though  it  is  rarely  found  wild ;  and  this 
is  remarkable  for  the  curious  manner  in  which  its  seed«vessel 
opens  (§.  419).  There  is  greater  irregularity  in  the  flower  than 
in  either  of  the  last  two  orders ;  so  that  the  nature  of  its  parts 
might  not  be  understood  at  first  sight.  The  sepals  are  five  in 
number,  but  unequal  and  irregular  in  form ;  the  two  upper  and 
inner  ones  are  adherent,  while  tlie  lower  one  is  spurred.  There 
are  only  four  petals;  and  these  are  adherent  in  pairs;  so  that 
the  corolla  appears  as  if  it  oonsiBted  of  two  only.  The  stamens 
are  five  in  number,  and  their  position  is  regular ;  so  that,  by 
comparing  their  places  with  that  of  the  petals,  it  becomes  evident 
that  each  of  the  apparently-smgle  petals  consists  of  two,  and 
that  a  fifth  petal,  which  should  occupy  the  space  between  ihem» 

■  b2 
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is  nndeyeloped.  The  oyuriuin  is  made  of  five  carpeU  clustered 
together,  their  cavities  remainbg  separate;  the  stigma  is  $m§ila 
on  its  top,  as  in  the  Poppy  (§.  523),  and  ezhihits  a  greater  or 
less  division  into  five  parts.  The  Balsams  nsually  grow  in  damp 
places  among  hnshes ;  and  one  or  two  species  are  found  in  nearly 
every  quarter  of  the  globe. 

577.  Another  small  order,  allied  to  the  Qeraninm  tribe,  b 
that  of  OxALiDBA,  or  Wood S&rr$linbe ;  which  is  chiefly  de- 
serving of  notice,  on  aoconnt  of  an  important  product  jridded  by 
some  of  its  species.  The  Wood  Sorrel  (Chalii)  and  its  allies 
are  herbaceous  plants,  which  abound  most  in  the  wanner  tem- 
perate regions,  especially  in  America  and  at  the  Gape  of  Good 
Hope ;  but  two  species  are  found  m  the  woods  and  shady  places 
of  this  country.  In  the  structure  of  their  flowers,  they  differ 
but  little  from  Qeraniaceae ;  their  calyx  and  ooroUa  each  con- 
sisting of  five  equal  leaflets ;  their  stamens  being  ten  in  number, 

arranged  in  two  rows,  of 
which  the  outer  one  is  the 
longest;  and  their  ovaria 
consisting  of  five  adherent 
carpels.  The  stamens  are 
generally  united  at  the 
base,  however,  into  a  sbele 

Fio.  15S.— DiAOBAM  or  th«  riowmH  or  Ox-       i        ji        .»  .  .     • 

ai.idb;k.  bundle ;  there  n  no  central 

axis  in  the  midst  of  the 
carpels ;  the  styles  are  distinct ;  and  there  is  a  minute  but  im- 
portant difierence  in  the  structure  of  the  seed.  They  are  further 
distinguished  by  the  division  of  their  leaves,  which  are  generally 
compound ;  and,  if  simple,  become  so  merely  through  the  want 
of  development  of  some  of  the  segments.  In  this  group,  as  in 
the  Balsaminess  and  Geraaiaoees,  there  is  a  provision  for  the 
scattering  of  the  seeds  by  the  sudden  rupture  of  their  lutegument, 
which  possesses  elasticity  enough  to  expel  them  with  some  force. 
The  Wood-Sorrel  is  one  of  the  plants  whose  leaves  droop  very 
evidently  at  night.  The  property  which  is  most  charactmstic 
of  the  Oxalidesd  is  the  acid  nature  of  their  juices,  which  is  cliiefly 
to  be  noticed  in  the  common  Wood  Sorrel  of  this  country.     The 
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acid  is  peculiar  in  its  properties,  and  is  named  otcalic  from  its 
existing  in  this  plant,  from  which,  indeed,  it  was  at  first  ob* 
tained.  Its  nsee  in  the  arts  have  already  been  noticed  (§.  401). 
The  quantity  obtainable  from  this  and  other  plants  which  furnish 
it,  is  too  small  for  the  supply  of  these;  since,  from  twenty 
pounds  of  the  leaves  of  the  Wood  Sorrel,  which  yield  about  six 
pounds  of  juice,  not  quite  three  ounces  of  oxalate  of  potash  can 
be  obtained.  Since,  therefore,  it  has  been  ascertained  that  the 
acid  might  be  obtained  pure  by  the  action  of  nitric  acid  upon 
sugar,  this  mode  of  producing  it  has  been  generally  adopted, 
except  in  places  where  the  plant  is  very  abundant.  One  Indian 
subdivision  of  this  tribe  differs  from  the  rest,  in  the  larger  size 
of  the  species  belonging  to  it,  which  grow  into  bushes  or  even 
trees ;  and  some  of  these  are  cultivated  for  the  sake  of  the 
juices  afforded  by  the  leaves,  fiowera,  and  fruit,  which  are  of  a 
pleasant  add  character,  and  are  esteemed  as  cooling  remedies  in 
fevers.  One  species,  moreover,  is  remarkable  for  the  great  irri- 
tability of  its  leaves,  which  perform  movements  resembling  those 
of  the  Sensitive  Plant ;  and  there  is  a  foreign  species  of  Oxalis, 
that  has  in  some  degree  the  same  property. 

578.  The  last  order  of  Thalamifloral  Exogens  to  be  here 
noticed  is  that  of  Rutacbjb,  the  Rue  tribe,  of  which  several 
species  are  cultivated  in  our  gardens,  though  none  are  originally 
natives  of  this  country.  All  the  plants  of  the  order  are  remark- 
able for  their  powerful  odour,  which  is  usually  of  a  nauseous 
character ;  and  this  is  due  to  the  quantity  of  essential  oil,  secreted 
in  little  cavities  beneath  the  cuticle  of  the  leaves,  the  place  of 
.  which,  as  in  the  Orange  tribe,  is  marked  by  half-transparemt  dots. 
To  this  group  belongs  the  Fraxinella,  formerly  mentioned  (§.  374) 
as  rendering  the  surrounding  air  inflammable  in  warm  weather, 
by  the  quantity  of  this  oil  which  it  difiiises  through  it.  The  com- 
mon Oarden  Rue  will  give  a  very  good  idea  of  the  structure 
characteristic  of  the  order.  The  parts  of  its  flower,  however,  are 
arranged  in  fours ;  whilst  those  of  other  species  are  disposed  in 
fives.  The  calyx  consists  of  four  sepals  diverging  widely  from 
each  other ;  and  within  these,  alternating  with  them,  are  four 
petals.   The  stamens  are  eight  in  number ;  and  they  arise  from  a 
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fleshy  ring  surrounding  the  ovary.  Upon  this  ring  is  seated  the 
ovary,  which  consists  of  four  carpels  united  into  one  mass.  These 
do  not  stand  upright,  however,  as  they  usually  do ;  hut  spread 


Fio.  153b— Garosn  Rus.  a,  magnified  flower  deprired  of  petals;  a,  fleshy  ring 
Arom  which  the  stamens  arise ;  B,  section  of  ovarium  ;  a,  the  gynobase ;  5,  the  plaoentc 
C,  a  sjcd-ressel  af£er  bursting;  a,  the  gynobase^ 

away  from  each  other  at  the  hase,  heing  arranged  on  the  sides  of 
a  conical  disk,  which  rises  up  between  them,  but  is  not  continued 
into  the  style.  This  disk  is  termed  ihepynoboiey  or  base  of  the 
female  organs  (§.484.)  The  style  is  single,  being  formed  by  the 
adhesion  of  those  of  the  several  carpels ;  but  it  separates  at  the 
top  into  four  stigmas.  The  seed-vessel,  when  ripe,  splits  into 
four  valves,  leaving  the  thick  hard  gynobase  in  the  centre.  The 
number  of  seeds  contained  in  each  varies  considerably,  but  is 
almost  always  less  than  that  of  the  ovules.  In  the  common  Rue, 
there  are  about  four  ovules  in  each  cell ;  but  only  one  of  these  is 
developed  into  seed.  In  others  the  ovules  and  seeds  are  more 
numerous.  One  genus  (Gorrea)  of  this  order  presents  an  inte- 
resting anomaly,  of  a  simiUr  character  to  that  which  has  been 
mentioned  as  occurring  in  the  order  TropanUm;  the  petals  cohere 
together  into  a  tube,  so  that  the  plant  is  really  Monopetalous ; 
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but  it  is  not  placed  in  that  diyision  of  the  group,  smce  in  its 
general  structure  it  is  so  closely  allied  to  the  Rutaces,  that  it 
cannot  be  separated  from  them. 

579.  The  principal  habitation  of  the  Rae  tribe  is  the  South 
of  Europe,  whence  it  extends  through  the  temperate  portion  of 
the  Old  World,  rarely  advancing  within  the  tropics.  The 
common  Rue  was  formerly  much  esteemed  in  medicine ;  it  was 
mentioned  with  approbation  even  by  Hippocrates,  and  for  many 
centuries  it  was  considered  a  preventive  of  contagion,  and  was 
known  under  the  name  of  ''  herb  of  grace.^  It  is  now,  how- 
ever, seldom  employed,  except  by  village  doctresses. 

580.  The  following  table*  will  be  found  to  express,  in  a  con* 
cise  form,  the  most  evident  points  of  difference  among  such  of 
the  foregoing  orders  as  contain  Plants  found  in  Britain ;  so  ^at 
the  Student  will  have  little  difficulty  in  assigning  to  its  correct 
place  a  specimen  of  any  one  of  them,  which  he  may  meet  with. 
It  is  to  be  remembered,  however,  that  there  are  orders  of  minor 
importance,  which  are  not  altogether  excluded  by  these  characters, 
and  that  the  specimen  may  belong  to  some  of  them.  But  as  all 
those  which  include  the  commonest  wild  and  garden  flowers  have 
been  adverted  to,  this  is  not  likely  to  happen. 


Class  EXOOENS. — Sub-class  Thalahiflorjb. 

Flowers  possessing  calyx  and  corolla,  the  latter  composed  of 
distinct  petals.  Stamens,  as  well  as  petals  and  carpels,  arise  at 
once  from  the  disk  ;  except  when  sometimes  slightly  adherent  to 
the  sides  of  the  ovary. 

A.  Siament  more  than  20. 
a,  Ovary  superior. 

a,  Leaves  without  stipule*. 

Carpels  distinct Ranuneulacem,  504. 

Csjrpels  united Papaveraeea,     523. 

*  By  the  use  of  such  a  table  as  this,  almost  any  British  plant  may  be  referred, 
with  great  facility,  to  its  proper  Order  in  the  Natnriil  System.     For  ezanple,  we 
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Droteracea, 
Vioiacem, 

540. 
538, 

572. 

Ampelidem, 

577. 
56^. 

Berb€ridem, 

519. 
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fif  LcATet  with  ttiiralet. 

Calyx  imbricated Cittaeem,  536. 

Calyx  TtlTate. 

Stamens  monaddphoot  •        •        •  MalvMC^m,  546. 

Stamens  distinct         «        •        •    .  TiHoMm,  557. 

5,  Ofiry  partly  Inferior Npmphaoem,  520. 

B.  Stamgru  lest  than  20. 

Oy  Leaves  with  stipules;  carpels  eonsolldated. 
Of  Placenta  parietal. 

Leaves  unfolded  from  spiral  coil 
Leares  unfolded  straight         • 
3,  Plaoents  in  axis. 
Fruit  with  beak 
Fruit  without  beak. 

Stamens  mooadelphous  •        • 
Stamens  opposite  petals 
bf  Leaves  without  stipules. 

c,  Carpek  distinct,  anthers  with  valves  • 
fi.  Carpels  consolidated. 

Placentae  parieul,  stamens  tetrsdynamoos  .   Cruo^erm,  529. 

Placents  in  axis,  stamens  not  tetradynamons. 
Styles  distinct. 

Capsule  one-celledy  with  ftee  central 

plaeenU CaryaphylUm^     541. 

Cspsule  many.oelled       .        .        •  Linaeem^  543. 

Styles  united,  leaves  dotted     .        •    .  Rutaeem^  578. 

pick  in  our  walk  through  a  lane  a  specimen  of  the  eomroon  Chickweed,  or  Stitdi- 
wort.  The  veined  structure  of  its  leaves,  the  prevalence  of  the  number  five  in  its 
flowers,  and  iu  general  aspect,  prevent  any  doubt  that  it  is  an  Exogen.  On 
examining  the  structure  of  the  flowers,  we  at  once  perceive  that  the  stamens  aro 
hypogynous ;  for  we  may  pull  off  both  calyx  and  corolla,  without  detaching  them 
from  the  disk,  on  which  they  are  separately  inserted.  The  plant  belongs,  there- 
fore, to  the  sub-class  Thalamiflors.  The  stamens  may  be  from  five  to  ten  in 
number;  it  is  comprehended,  therefore^  in  the  second  division  (B)  of  the  table. 
Its  leaves  are  readily  seen  to  be  without  stipules,  and  we  oonsequeutly  look  for  it 
in  the  group  of  orders  below  5.  On  examining  the  carpels,  they  are  seen  to  be 
consolidated;  and,  on  cutting  across  the  ovarium,  the  plaoents  are  found  to  bo 
central;  it  must,  therefore,  belong  to  one  of  the  three  lowest  orders  in  the  table. 
It  cannot  be  a  Rue>  since  its  leaves  are  destitute  of  glandular  dots;  it  must, 
therefore,  be  either  one  of  the  Linacen  or  of  the  Caryophyllea ;  the  most  obvi^ms 
diffisrence  between  which  is  usually  in  the  structure  of  their  calyx,  as  formerly 
explained  (§.  543) ;  but  the  most  eonttatU  difference  is  that  which  is  specified  in 
the  table  as  existing  between  their  fruit.  When  the  plant  has  thus  been  referred 
to  its  proper  order,  the  whole  of  the  general  account  given  of  that  order  will  be 
found  appUeable  to  it,  and  to  other  species  closely  allied  to  it. 
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581.  It  will  be  remembered  tbat,  in  tbis  diyisioii  of  tbe 
Exogenous  Phanerogomia,  the  sepals  of  the  calyx  are  always 
adherent  to  each  other,  and  that  the  petals  and  stamens  appear 
to  arise  from  them,  rather  than  from  the  disk  or  receptacle,  to 
which  they  may  really  be  traced.  Taken  as  a  whole,  this  diyi- 
sion  cannot  be  regarded  as  containing  a  number  of  species,  of 
essential  serrice  to  Man,  equal  to  that  which  has  been  shown  to 
be  comprehended  within  the  former  one;  yet  several  orders  of 
Tery  great  mterest  and  importance  are  comprehended  in  it.  To 
these  it  will  be  desirable  to  give  our  principal  attention,  passing 
over  a  large  number  of  other  groups  with  little  or  no  notice. 

582.  The  first  order  which  presents  itself  is  that  of  Cblas- 
TRiKBJB,  in  whieh  the  common  Holly  is  placed  by  many  Botanists. 
This  order  is  characterised  by  the  possession  of  four  or  five  sepals, 
united  at  the  base^  and  of  an  equal  number  of  petals  alternating 
with  them.  The  stamens,  again,  are  the  same  in  number,  and 
alternate  with  the  petals ;  and  they  are  perigynous  (§.  498)  in 
their  insertion.  The  ovarium  is  superior,  and  is  composed  of 
several  adherent  carpels ;  it  is  partly  enveloped  in  a  large  fleshy 
disk,  and  usually  contains  from  two  to  four  cells,  each  of  which 
may  include  one  or  several  ovules.  The  style  is  single,  but 
separates  at  the  top  into  two  or  four  stigmata.  The  species  of 
this  order  are  mostly  trees  or  shrubs,  the  flowers  of  which  are 
not  conspicuous.  The  section  to  which  the  Holly  belongs  is 
distinguished  by  having  the  petals  in  some  degree  adherent  to 
each  other ;  and  hence  it  has  been  placed  by  some  Botanists,  as 
a  separate  order,  among  the  Monopetalss.  The  common  Holly 
is  one  of  the  few  British  species  of  this  order,  which  is  pretty 
generally  distributed  over  the  surface  of  the  globe.  It  is  a  very 
slow-growing  tree,  rarely  attaining  any  great  size ;  its  wood  is 
much  used  by  turners  (being  one  of  the  hardest  of  the  white 
woods),  especially  for  the  manufiusture  of  the  toys  known  as 
Tnnbridge  ware.  The  inner  bark  abounds  in  a  tenacious  sab* 
stance,  which,  when  separated,  is  known  as  bird-lime,  from  the 
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U8e  to  which  it  is  put  in  entrapping  birds.  The  bark  and  leaves 
are  bitter,  and  have  been  used  as  a  substitute  for  other  analogous 
substances,  in  the  cure  of  intermittent  fevers.  From  the  leaves 
of  a  species  of  Holly  which  is  a  native  of  South  America,  the 
inhabitants  of  that  country  make  an  infusion,  which  is  employed 
as  (0a  is  among  us ;  this  is  known  as  Mati  or  Jesuits'  Tea,  and 
is  very  extensively  consumed  in  Brazil,  Paraguay,  Chili,  and 
Peru.  Another  species  which  inhabits  the  Southern  part  of 
North  America,  furnishes  the  Indians  witli  a  similar  article, 
which  is  used  by  them  as  a  medicine,  and  also  as  a  draught  of 
etiquette  at  their  solemn  councils.  Another  British  species  is  the 
Euonymm^  known  under  the  name  of  tpindls-4re$y  or  prieh-wood^ 
from  the  uses  to  which  it  is  applied.  It  has  a  wood  which, 
without  being  hard,  is  very  tough ;  and  this  was  formerly  much 
employed  in  making  spindles  for  the  spinning- wheeL  Now  that 
the  jenny  has  superseded  the  distaff,  however,  this  is  litUe  used 
except  for  making  toothpicks  and  skewers;  and  also  by  watch- 
makers, for  cleaning  delicate  machinery,  for  which  it  is  very  well 
adapted  on  account  of  the  fine  point  with  which  it  may  be  worked 
without  breaking.  The  second  of  its  common  names  seems  to 
render  it  not  improbable,  that  it  was  formerly  used  in  the  manu- 
facture of  those  skewer-like  pins,  which  were  employed  to  hold 
dress  togeUier  as  late  as  the  reign  of  Henry  YIII.,  when  the 
manufacture  of  metal  pins  became  more  general.  The  fruit  and 
the  bark  of  this  tree  have  properties,  which  render  them  poi- 
sonous to  most  animals,  and  which  give  them  purgative  and 
emetic  effects  if  taken  by  man. 

583.  Nearly  allied  to  the  last  order  is  that  of  Rhamnea,  or 
the  Buckthorn  tribe ;  which  may,  however,  be  readily  distin- 
guished from  it  by  the  portion  of  the  stamens,  these  being  here 
found  opposite  to  the  petals,  or  alternating  with  the  sepals.  The 
structure  of  the  calyx  is  also  different, — that  of  the  Rhaomea) 
bebg  valvate  (».  a,  the  sepals,  before  expanding,  having  their 
edges  in  proximity  with  each  other),  whilst  that  of  Celastrinee^ 
is  somewhat  imbricated  (the  sepals  overiying  one  another).  The 
ovarium  is  partly  enveloped,  as  in  the  last  order,  by  the  fleshy 
disk  ;  and  this,  as  the  fruit  ripens,  grows  over  the  ovary,  and 
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eompletely  encloses  it.  The  species  of  this  order  are  distrihuted 
over  nearly  the  whole  world,  with  the  exception  of  the  arctic 
regions.  They  are  mostly  shrubs  or  low  trees  which  are  gene- 
rally remarkable  for  their  spiny  character ;  this  manifests  itself 
strongly  in  the  common  Buckthorn  of  this  country,  and  in  the 
Christ's  Thorn,  which  abounds  in  Greece  and  Palestine,  and 
which  has  been  naturalised  in  our  gardens.  The  latter  derives 
its  name  from  the  tradition  that  our  Saviour's  crown  of  thorns 
was  made  from  it.  The  spines  are,  as  formerly  explained 
(§.  307))  undeveloped  branches  ;  and  a  little  examination  of  any 
spiny  bush  will  make  this  evident,  since  all  stages  of  develop- 
ment may  be  found,  between  the  simple  thorn  and  the  complete 
branch.  As  already  stated,  cultivation  has  a  tendency  to  do 
away  with  this  character,  by  supplying  the  plant  with  nutri- 
ment sufficient  to  develop  the  buds  that  would  otherwise  be 
abortive.  Upon  the  final  cause,  or  object,  of  this  curious  pro- 
vision, the  following  excellent  remarks,  by  an  eminent  Botanist, 
may  be  quoted :  ^^  In  open  barren  tracts  of  country,  the  very 
circumstance  of  the  sterility  of  the  soil  must  prevent  the  produc- 
tion of  many  plants ;  and  of  those  which  grow,  few  will  be 
enabled  to  perfect  many  seeds.  It  is  necessary,  therefore,  to 
protect  such  as  are  produced  from  extermination  by  the  brows- 
ing of  cattle ;  otherwise  not  only  would  the  progeny  be  cancelled, 
but  ako  the  present  generation  would  be  cut  off.  And  what 
more  beautiful  and  simple  expedient  could  have  been  devised, 
than  ordaining  that  the  very  barrenness  of  the  soil,  which  pre- 
cludes the  abundant  generation  by  seed,  should  at  the  very  same 
time,  and  by  the  very  same  means,  render  the  abortive  buds  a 
defensive  armour  to  protect  the  individual  plant,  and  to  guard 
the  scantier  crop,  which  the  half-starved  stem  can  bear?"    n 

584.  The  inner  bark  and  fruit  of  most  species  of  thb  order 
are  possessed  of  active  purgative  powers ;  and  some  of  them  are 
also  emetic  and  astringent*  The  syrup  made  from  the  juice  of 
the  berries  of  the  common  Buckthorn,  was  formerly  much  used 
in  medicine ;  but,  as  its  operation  is  attended  with  much  dis- 
comfort, it  is  now  seldom  employed  except  for  administration  to 
dogs.     The  berries  afford,  however,  a  valuable  colouring  matter, 
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whieh  is  used  ia  dyeing.  The  *^  French  berries"  of  the  shops, 
from  which  a  beftntifbl  yellow  is  obtained,  are  the  unripe  firoit 
of  this  plant ;  and  from  their  juice,  when  they  are  ripe,  ^e 
colour  termed  sap-green  is  prepared.  Another  species  affords 
the  colour  with  whidi  yellow  morocco  leather  is  tinged.  The 
fruit  of  a  species  allied  to  the  Christ^s  Thorn,  however,  contains 
a  large  quantity  of  gummy  matter,  without  any  substance  pos» 
sessing  actire  properties ;  this,  which  is  known  under  the  name 
of  the  jttjube^  is  a  &Tourite  dessert  in  Italy  and  Spain,  either 
wfaea  fresh,  or  when  dried  as  a  sweetmeat ;  and  loaenges  made 
fnm  it  are  much  employed  ia  this  country  as  a  remedy  for 
coughs.  The  Loht$y  the  fruit  of  which  has  been  celebrated  from 
the  time  of  Homer,  also  belongs  to  this  order.  It  is  a  native  of 
Persia,  and  grows  wild  on  the  north  coast  of  Africa  as  well  sa 
in  its  interior ;  and  its  fruit  is  eaten  by  the  inhabitants,  wherever 
it  grows.  It  is  converted  into  a  sort  of  bread,  by  drying  and 
pounding ;  and  frt>m  its  juice,  when  pressed  out  and  mixed  with 
water,  and  afterwards  fermented,  a  sort  of  wine  is  commonly 
made.  The  leaves  of  one  Chinese  species  are  used  for  tea  by 
the  poorer  classes  in  that  country ;  and  another  produces  a  sort 
of  fruit,  which  is  said  to  resemble  a  pear  in  flavour,  but  which 
is  nothing  else  than  the  flower-stalk  become  fleshy. 

586.  Passing  over  several  small  orders  of  little  importance^ 
we  come  to  that  of  Terkbimtaoui,  which  oontains  a  large 
number  of  species  inhabiting  tropical  countries,  distinguished  by 
their  resinous  secretions,  and,  at  the  same  time,  by  their  poi- 
sonous properties.  The  number  and  arrangement  of  the  parts 
of  the  flower  differ  considerably  in  the  different  sections  of  the 
order ;  so  that  many  Botanists  subdivide  it  bto  three  or  more. 
The  flowers  are  sometimes  comply,  but  not  unfrequenUy  one 
or  other  set  of  organs  is  suppressed  in  some  of  them,  so  as  to 
render  the  plant  polypanuha  (§  483) ;  and  some  species  are 
diosdous.  The  sepals  are  frt>m  3  to  5  in  number,  more  or  less 
united  together,  and  imbricated.  The  petals,  when  presmt,  are 
equal  in  number  to  the  sepals ;  but  they  are  occasionally  absent ; 
they  alternate  with  the  sepals,  and  are  sometimes  adherent  to 
each  other.     The  stamens  are  either  equal  in  number  to  the 
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petals,  or  are  twice  as  nameroos,  and  are  inserted  at  the  bottom 
of  the  caljTx,  or  around  the  ovary.  The  carpels  are  sometimes 
distinct,  and  sometimes  adherent;  but  the  styles  are  always 
distinct.  The  OYoles  are  few  in  number  in  each  carpel,  and  are 
nsually  solitaiy.  Most  of  the  species  are  trees  or  slimbs,  having 
alternate  leaves,  which  are  usually  compound.  The  resinous 
matter  is  chiefly  contained  in  the  bark,  whence  it  freqipntly 
exudes  naturally,  or  may  be  drawn  by  incisions.  Gum  mastic 
(§•  377)  and  Ghian  Turpentine  (§.  375)  are  obtained  from  species 
of  this  order ;  as  are  also  Sumach  and  the  Japan  and  Chinese 


Pio.  164,— Anacardiuiii  OccruBNTAUC,  OR  Casukw-treb. 

black  varnish,  and  probably  Olibanum.  The  fimit  is  very  com- 
monly acrid  and  astringent,  and  these  qualities  usually  exist  in 
some  degree  in  the  bark  also.  The  well-known  Cashew-nut  of 
the  East  and  West  Indies  is  produced  by  a  plant  of  this  order. 


Digitized  by  VjOOQ IC 


422  ORDER  LBQUMinoeJB,  OR   PEA  TRIBE. 

Its  appearance,  whilst  still  connected  with  the  plant,  is  very 
cnrions.  The  nut  is  borae  at  the  extremity  of  a  fleshy  firuit 
considerably  larger  than  itself;  which  is  nothing  else  than  the 
pedancle  or  flower-stalk  enlarged  and  become  succulent.  This 
fruit,  which  is  termed  the  apple,  has  an  agreeable  acid  flaTour, 
slightly  astringent,  and  is  much  esteemed  in  the  West  Indies, 
whers  the  juice  expressed  from  it  is  fermented  and  made  into  a 
kind  of  spirit  Between  the  two  layers  of  the  pericarp  or  ripened 
carpel,  there  is  found  a  considerable  quantity  of  inflammable  oil, 
which  is  so  acrid  as  to  blister  the  skin  if  the  fingers  or  teeth  be 
used  in  removing  the  shelL  The  kernel  abounds  with  a  milky 
juice,  and  is  much  esteemed  for  its  flayour.  The  juice  of  the  nut 
of  an  allied  species  is  of  a  deep  black  when  ripe,  and  leayes  an 
indelible  stain  if  applied  to  linen,  &c. ;  so  that  it  makes  an 
admirable  natural  marking-ink.  The  Mango,  a  fruit  highly 
prized  in  India,  which  has  been  naturalised  in  the  West  Indies 
also,  is  produced  by  another  species  of  this  order;  several  varieties 
of  the  fruit  are  cultivated,  diflering  much  in  size  and  flavour. 
They  vary  in  weight  firom  a  few  ounces  to  several  pounds;  some 
have  a  most  delicious,  aromaUc,  sweet,  and  slightly  acid  taste ; 
whilst  in  others,  the  resins  so  much  abound  that  the  flesh  is 
ill-flavoured,  and,  being  at  the  same  time  fibrous,  has  been  not 
unaptly  compared  to  a  mixture  of  "  tow  and  turpentine."  The 
tree  is  a  very  handsome  one;  as  is  also  that  from  which  the 
black  varnish  of  India  is  obtained.  This  varnish,  whilst  still 
liquid,  is  so  acrid  in  its  properties  as  to  blister  the  skin,  if  allowed 
to  touch  it.  A  firuit  much  esteemed  in  the  south  of  Europe, 
as  well  as  among  Eastern  nations,  is  the  Pistachio  nut,  which  is 
the  produce  of  one  of  the  dioecious  species;  and  in  Sicily,  a 
ceremony  similar  to  the  marriage  of  the  Palms  (hereafter  to  be 
described)  is  performed,  in  order  to  ensure  the  fertilisation  of  the 
seeds. 

Order  LsouMiNOSiB,  or  Pea  Tribe. 

586.  This  is  one  of  the  largest  and  most  important  orders  of 
the  whole  group.  There  are  few  which  are  more  easily  reoog- 
jiised^  or  in  which  greater  interest  is  usually  taken.    It  is  ex- 
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tremely  rich  in  plants  useful  in  yarions  ways  to  Man.  Some 
furnish  him  with  a  large  quantity  of  wholesome  and  palatable 
food  for  himself^  such  as  the  Pea,  Bean,  Lentil,  &c. ;  whilst 
others  afford  equally  nutritious  food  for  cattle,  such  as  Clover 
and  Lucerne.  Others  yield  yaluable  dyes,  such  as  Indigo  and 
Logwood  ;  and  others  again  have  stems  which  serve  as  excellent 
timber,  such  as  Brazil-wood,  Rosewood,  and  the  American 
Locust-trees.  From  others  are  derived  valuable  medicinal  pro- 
ducts, such  as  Senna  and  Cassia,  or  Gums,  as  that  of  the  Acacia. 
Others,  again,  are  attractive  on  account  of  their  beauty,  such  as 
the  Laburnums,  Robinias,  &c. ;  and  others  are  interesting  on 
account  of  physiological  peculiarities,  such  as  the  Senntive-Plant 
(§.  421),  the  Gleditsias  (§.  238),  and  the  New  Holland  Acacias 
(§.  228).  Between  all  these  there  is  a  strong /nni/y  likmsa; 
but  there  is  every  variety  of  iize  among  the  very  numerous 
species  which  this  order  contains ;  some  being  humble  plants, 
whilst  others  are  lofby  trees.  The  most  important  point  in 
which  they  all  agree,  is  in  the  structure  of  their  fruit,  which  is 
&pod  or  Legume  ;  whence  the  name  of  the  order  is  derived.  A 
legume  may  be  thus  distinguished  from  all  other  kinds  of 
fruit.  It  is  a  carpel  which  grows  long  and  flat,  and  separates 
when  ripe  into  two  valves  or  halves ;  it  usually  contains  several 
seeds,  which  are  attached  to  one  angle  only  of  the  inside  of  the 
carpel.  A  Pea-pod  is  as  apt  an  illustration  as  any  that  can  be 
furnished  ;  and,  by  referring  to  Fig.  96>  the  mode  in  which  the 
pod  is  formed  from  the  carpellary  leaf  will  bo  at  once  evident. 
The  ovules  proceeding  from  the  thickened  edges  of  this  leaf, 
which  are  folded  together,  are  attached  alternately  to  the  one 
valve  and  the  other ;  so  that,  when  the  pod  is  opened  along  the 
tuture^  or  line  of  adhesion,  (as  is  commonly  done  in  shelling 
peas)  half  the  seeds  remain  attached  to  each  valve  and  lie  in  its 
hollow.  The  seed-vessels  of  all  the  plants  of  this  order,  how- 
ever, must  not  be  supposed  exactly  to  resemble  the  Pea-pod ; 
they  may  be  longer  or  shorter,  larger  or  smaller,  harder,  thinner, 
or  differently  coloured,  or  may  contain  more  or  fewer  seeds ;  but 
they  are  always  formed  essentially  upon  the  same  plan. 
^87.     A  very  large  number  of  the  order  are  further  dis- 
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tinguished  by  a  singular  amngemeBt  of  the  petals^  horn  which 
they  have  been  termed  Ptqnlwnaetoui  phinte,  owing  to  the 
reeembbace  which  their  flowers  bear  to  a  Butterfly  at  rest.  Of 
this  stmctore,  the  common  Pea  is  an  ezceDent  illostration.  If 
we  examine  its  flower,  we  shall  find  a  calyx  composed  of  five 
small  nearly  eqnal  sepab  united  into  a  shcMrt  tube.  The  oon^ 
is  mudi  lai^er,  and  consists  of  five  petals,  one  of  which  greatly 
surpasses  the  rest  in  sin,  standing  at  the  hack  of  th^  and 
oTcr- wrapping  them  before  the  flower  expands ;  this  is  called  the 
standard  or  wmllmm.  In  front  of  this  are  two  small  petals, 
which  stand  nearly  parallel  with  each  other,  conyerging  a  little 
at  the  point ;  these  are  the  wings,  or  ojUb,  They  are  car^Uy 
folded  orer  a  boat-shaped  curred  part  of  the  corolla,  which  is 
placed  in  front  of  all  the  rest;  this  part,  termed  the  keel,  or 
carina,  is  formed  of  two  petals,  which  are  sHghily  adherent  at 
their  lower  edge,  but  which  are  separately  ins^ted  at  their 
base. 

588.  There  is  considerable  variety,  in  this  order,  as  to  the 
number  and  degree  of  adhesion  of  the  stamens.  The  Pap%l%onaeeou$ 
division  of  it  may  be  separated  into  those  which  have  their 
stamens  united,  and  those  in  which  they  are  distmct.  The  former 
group  contains  all  the  European  spedes,  such  as  Peas,  Beans, 
Vetches,  Clover,  Trefoil,  &c.  The  stamens  are  usually  double 
the  numb^  of  the  sepals  (of  which  there  are  occasionally  only 
four) ;  and  very  commonly  one  of  them  is  distinct,  whilst  the 
rest  are  united  at  their  edges,  as  is  the  case  in  the  common  Pea, 
Vetch,  &o.  The  division  of  the  Papilionaceous  Leguminosaa 
having  the  stamens  separate,  contains  few  but  New  Holland 
species.  The  ovary  is  a  tapering  green  hairy  body,  gradually 
narrowing  into  a  style,  which  ends  in  a  minute  stigma.  It  is 
one-celled,  and  is  to  be  regarded  as  consisting  of  but  a  single 
carpel ;  sometimes,  however,  two  or  even  five  carpels  are  to  be 
found  in  the  centre  of  the  flower. 

589.  In  another  division  of  the  LegnminosB,  containing  the 
Senna,  Logwood,  Tamarind,  and  many  other  interesting  species, 
the  floweis  present  a  much  nearer  approach  to  regulari^.  Their 
petals  qpread  equally  reund  the  pistil,  as  in  other  plants ;  and 
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their  stamens  also  are  spreading  and  separate.  A  degree  of 
that  irregularity  in  nze,  however,  which  is  so  striking  among 
the  PapUumaeecB^  is  here  still  evident ;  some  of  the  petals  or 
stamens  being  larger  than  the  reminder.  Few  of  this  group 
are  ever  seen  in  this  country ;  but  in  foreign  climes  they  are 
very  abundant. 

590.  The  thurd  division  of  this  order  comprehends  those  which 
have  flowers  formed  upon  the  plan  of  the  last, — ^that  is,  not 
being  papilionaceous, — ^whilst  the  number  of  stamens  is  much 
greater,  being  triple  or  quadruple  that  of  the  sepals.  The  flowers 
are  extremely  minute,  and  grow  in  compact  clusters ;  the  stamens 
have  very  long,  slender,  and  separate  filaments.  This  is  the 
structure  of  the  division  which  includes  the  Mimosas^  amongst 
which  is  the  Sensitive  Plant.  Many  of  these  have  a  very  elegant 
appearance,  the  clusters  of  flowers  which  they  bear  being 
numerous,  and  often  presenting  gay  colours. 

591.  Besides  the  peculiar  structure  of  the  fruit,  in  which 
these  subdivisions  all  agree,  the  entire  absence  of  a  separate 
albumen, — so  that  the  cotyledons  are  fleshy,  and  occupy  with 
the  embryo  the  whole  interior  of  the  seed, — is  a  character  of 
great  importance,  which  prevails  through  the  whole  group,  and 
shows  it  to  be  a  natural  one.  The  number  of  species  already 
known  is  very  considerable,  certainly  not  less  than  4000 ;  and 
many  more  must  remain  to  be  discovered.  The  order  is  diffased 
over  the  whole  habitable  globe.  Some  species  of  it  have  a  very 
extensive  range ;  whilst  others  are  restricted  to  particular  coun- 
tries. The  Papilionaceous  division  with  united  stamens  contains 
most  of  the  former ;  but  these  appear  to  flourish  best  in  tem- 
perate and  moderately  warm  latitudes,  diminishing  in  number 
towards  the  poles,  and  giving  place  to  the  Mimosa  and  Cassia 
tribes  nearer  the  equator. 

592.  The  properties  of  the  different  species  of  this  order  are 
so  various,  that  it  is  difficult  to  enumerate  them  all.  Their 
difference  may  also  appear  to  invalidate  the  principles  formerly 
laid  down,  respecting  the  correspondence  between  structure  and 
properties  (§.  479)  ;  for,  whilst  some  of  them  seem  to  be  remark- 
able for  nothing  but  the  large  quantity  of  tasteless  gum  which 
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ih«7  contain,  othen  are  violently  irritant^  and  others  stronglj 
astringent.  The  seeds  of  the  oemmon  Labomnm,  for  examplei, 
of  which  the  flower  and  the  pod  very  much  resemUe  thooe  o 
the  Pea,  are  violently  emetic  and  purgative,  and  have  proved 
absolutely  poisonous  to  children.  The  seeds  of  other  species  are 
very  bitter,  and  are  valued  in  India  for  their  tonic  virtues.  The 
character  of  the  juices  which  may  be  extracted  from  the  wood, 
is  equally  various.  This  apparent  exception,  however,  does  Dot 
really  weaken  the  principle ;  since  the  number  of  pomts  of  dif- 
ference among  the  several  tribes  is  so  great,  that  there  can  be 
little  doubt  that  they  might  be  subdivided  into  several  orders, 
each  of  which  might  be  characterised  by  properties  peculiar,  or 
nearly  so,  to  itself.  Having  akeady  adverted  to  some  of  the 
best  known  among  the  useful  products  of  this  order,  we  may 
here  mention  a  few  others.  The  pulp  of  the  Tamarind,  which 
is  so  grateftd  in  thirst  on  account  of  the  large  quantity  of  acid  it 
contains,  lies  between  the  seeds  and  the  valves  of  a  l^ume  ;  as 
does  1^  that  of  the  Cassia,  which  has  a  sweetish  taste,  and 
which  b  useful  as  a  mild  aperient  for  children.  Licorice  is 
derived  from  the  juice  of  the  roots  of  the  plant  which  yields 
it  The  juices  of  other  species  are  powerfully  astringent,  and  are 
used  both  in  medicine  and  in  arts ;  of  this  kind  are  Catechu, 
(§.  365),  Kino,  and  other  substances.  The  bark  of  the  New  Hoi- 
Land  Acacias  has  been  introduced  into  this  country  as  a  material 
for  tanning.  The  fragrant  resins,  called  Balsams  of  Tolu  and 
Peru,  which  are  in  much  use  for  burning  as  perfumes,  and  for 
medicinal  purposes,  are  the  produce  of  a  South  American  species. 
Full  details  regarding  Indigo,  one  of  the  most  valuable  products 
of  this  order,  have  been  given  on  a  former  occasion  (§.  388). 
Some  species,  which  are  found  in  the  West  Indies  and  in  South 
America,  contain  juices  which  have  a  remarkable  power  of 
intoxicating  fish,  rendering  them  easy  of  capture,  without  in- 
juring their  wholesomeness  as  food. 

593.  The  next  order  is  one  of  nearly  equal  extent  and 
importance ;  and  contains,  like  the  LegnminossB,  a  large  number 
of  species  baring  the  same  general  resemblance,  yet  difiering  in 
the  structure  of  many  important  parts.     This  is  the  order 


Digitized  by  VjOOQ IC 


PEA  TRIBE.—- ORDER    ROSACEJE.  427 

RosACRfi,  or  Roi6  tribe,  to  which  belong  not  only  Roses  and  their 
immediate  allies,  but  a  large  part  of  onr  most  valued  fruits, 
which  seem  very  unlike  each  other,  such  as  the  Strawberry  and 
Apple,  the  Raspberry  and  Pear,  the  MedUr  and  the  Almond, 
&c.  They  all  agree,  however,  in  the  general  plan  of  the  struc- 
ture of  the  flower,  which  may  be  studied  in  almost  any  of  the 
ordinary  wild  species.  The  Strawberry  flower  will,  perhaps,  at 
first  serve  the  purpose  better  than  the  Dog  Rose,  or  any  of  the 
true  Roses ;  on  account  of  a  peculiarity  in  the  latter  presently  to 
be  mentioned.  On  looking  at  the  outside  of  the  Strawberry 
flower,  we  observe  what  is  apparently  a  caXyx  consisting  of  ten 
sepals ;  this  would  be  an  exception  to  the  general  rule  of  the 
group,  which  is  to  have  only  four  or  five  parts  in  the  calyx ; 
and,  on  looking  further,  it  is  seen  that  these  leafy  parte  are 
arranged  in  two  rows,  of 
which  the  lower  or  outer 
one  may  be  considered  as 
formed  by  bracto.  The 
corolla  consisto  of  five 
(rarely  four)  equal  petals ; 
and  within  these  is  a  large 
number  of  stamens.  Up 
to  this  point,  then,  we 
find  nothing  to  distin- 
guish RosacesB  from  Ra- 
nuncnlacese;  but,  upon 
looking  at  the  position 
of  the  stamens,  we  ob- 
serve that,  instead  of 
rising  directly  from  the 
receptacle  beneath  the 
carpels,  they  seem  to 
grow  out  of  the  side 
of  the  calyx.  Hence, 
whilst  the  Ranunculacess  fio  155— aorimonia  Edpatobxa.  o,  floww,  diowing 
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mostly  belong  to  the  Lm- 

Msan  class  Polyandria,  the  order  Roeacess  nearly  oorretponds 


rr2 
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with  the  Lilinsdan  claM  Ioosandria  ;  some,  however,  belong  to  the 
class  DoDBOAiiDRiA,  M  the  Agrwumff  (Fig.  155.)  The  pistil  of 
the  Strawberry  is  Terj  much  like  that  (^  a  Crowfoot ;  for  it  coii'> 
sists  of  a  large  cluster  of  non-adherent  carpels,  eadi  having  ita 
own  style  and  stigma,  and  containing  a  single  seed.  The  trana- 
formation  of  such  a  flower  to  the  fruit  of  the  Strawberry  teems 
Tery  strange,  until  the  process  is  understood.  When  the  oortdla 
has  fallen  off,  and  the  calyx  has  closed  on  the  tender  fimit,  the 
receptacle  on  which  the  carpels  are  set,  gradually  swells,  and 
separates  them  firom  each  other,  bearing  them  on  its  outside. 
It  becomes,  at  last,  the  soft  juicy  fruit ;  and  what  appear  to  be 
the  seeds  on  its  outside,  are  in  reality  the  carpels,  which  were 
originally  in  proximity  with  each  other,  and  are  now  dry  and 
in  close  contact  with  the  real  seed-coats.  The  cal3rx  remains 
at  the  base  of  the  swollen  receptacle. 

594.  It  is  principally  in  the  number  of  carpels  which  undergo 
development,  and  in  the  degree  in  which  these  are  united  toge- 
ther, that  we  meet  with  variety  in  the  structure  of  the  flowen 
and  fruit  of  this  order.  In  the  Raspberry,  we  find  the  structure 
of  the  Strawberry  but  slightly  modified.  The  cal3rx  has  eri- 
dently  here  but  five  parts ;  the  petals  are  five  in  number ;  Uie 
stamens  are  indefinite  in  number  and  adherent  to  the  calyx ;  and 
the  carpels  are  numerous  and  distinct,  and  are  supported  upon  a 
fleshy  receptacle.  In  the  ripening  of  the  fruit,  however,  this 
receptacle  does  not  enlarge,  as  in  the  Strawberry,  but  remains 
as  the  white  hard  core  of  the  fruit ;  and  the  fhiit  itself  ocmsists 
of  the  carpels,  which,  instead  of  becoming  dry,  acquire  an  increase 
of  juice;  and  it  is  the  soft  fleshy  walls  of  these  carpels,  that 
form  the  succulent  part  in  which  the  seeds  are  imbedded,  and 
from  which  the  core  may  be  withdrawn. 

595.  If  we  now  turn  our  attention  to  the  Rose  tribe,  we  shall 
find  that  the  flower  is  constructed  upon  a  plan  which  appears 
similar,  until  we  examine  the  centre  of  it,  and  there  we  find  a 
tuft  of  stigmas  without  any  visible  carpels.  On  looking  further, 
however,  and  pressing  the  flower  forcibly,  we  find  that  the 
styles  rise  up  from  the  neck,  as  it  were,  of  an  oblong  green  body 
which,  being  below  the  calyx,  looks  like  an  inferior  ovarium. 
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On  q[>littiBg  this  body  perpendicularly  it  will  be  perceived  that 
it  is  in  reality  the  tube  of  the  calyx,  formed  by  the  adheeion  of 
the  sepals,  which  doeely  envelops  the  seed-vessels,  and  is  con- 
tracted into  a  narrow  orifice  at  the  point  whence  the  styles  arise. 
The  ripe  fruit  of  the  Rose,  known  by  the  names  of  Hip,  Hep, 
or  Haw,  is  nothing  else  than  this  tube  of  the  calyx^-^which  may 
be  regarded,  perhaps,  as  a  hollow  prolongation  of  the  receptacle, 
•—turned  red  and  fleshy ;  and  in  its  interior  will  be  found  the 
carpels,  dianged  to  bony  grains.  The  Apple  and  Quince,  and  ' 
their  allies,  are  constructed  very  nearly  upon  the  same  plan* 
The  principal  difference  consists  in  this,  that  the  ovaries  and  the 
tube  of  the  calyx  completely  coalesce,  and  form  one  body,  which 
becomes  the  fruit  The  eye  at  its  end  marks  the  point  froca 
which  the  calyx  spreads  out ;  this  is  better  seen  in  the  Medlar. 
The  principal  part  of  the  flesh  of  the  Apple  consists  of  the  tube 
of  the  calyx  or  the  prolonged  receptacle ;  but  in  its  interior  are 
found  the  five  carpels,  whose  thin  walls  are  someidiat  homy. 
In  the  Medhir,  these  are  thick  and  have  a  bony  firmness. 

596.  In  the  Almond  tribe,  which  includes  the  Plum,  Apricot, 
Peach,  Nectarine,  Cherry,  and  all  similar  fruits,  there  is  only  one 
carpel  developed ;  and  this  in  time  changes  to  the  fruit,  which  is 
termed  a  drupe^  consisting  of  a  hard  shell  enveloping  the  kernel, 
and  itself  inclosed  in  a  soft  flesh.  These  all  agree  in  the  peculiar 
properties  which  they  derive,  frt>m  the  presence  of  a  certain 
quantity  of  Prussio  Add  (which,  when  of  full  strength,  is  one  of 
the  most  violent  poisons  known)  in  some  part  of  them,-«-usually 
either  the  seeds,  or  leaves,  or  both.  The  quantity  is  so  smaU  as 
to  cause  no  danger  in  making  use  of  such  parts,  unless  this 
ingredient  be  concentrated  in  any  artificial  mode,  as  it  is  in  what 
is  called  Laurel  Water,  which  is  distilled  from  the  leaves  of  the 
Prunui  Lauroeeratm^  or  Cherry  Laurel,  and  is  used  for  giving 
a  flavour  to  various  sweet  dishes  and  liquors. 

597.  This  order  principally  abounds  in  the  cold  and  tem* 
perate  regions  of  the  northern  hemisphere.  In  fact,  scarcely  any 
species  of  the  Rose,  Apple,  and  Almond  tribes  are  found  else- 
where. There  is  a  small  group,  however,  distinguished  from  the 
rest  of  the  order  by  the  constant  absence  of  petals,  which  abounds 
at  the  Cape  of  Good  Hope,  where  it  represents  the  Rosacea  of 
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Europt.  Of  this  group  (which  is  ranked  by  some  m  a  distinct 
•rder)  the  British  genus  Sanguuarha^  or  Bomet,  is  an  example  ; 
the  Latin  name  of  which  is  derived  from  its  supposed  power  of 
stanching  the  flow  of  blood.  Another  British  genus  belonging 
to  it  is  the  AlchmnUla^  or  Lady^s  Mantle,  one  species  of  which  is 
common  in  fields  and  grayelly  soils.  This  group  is  characterised 
bj  a  greater  degree  of  astringenoy,  than  that  which  usually 
exists  in  the  true  Bosaoese ;  although  many  of  the  latter  also 
possess  this  character.  The  roots  of  the  PotmtUlot  or  Cin^ue- 
foil,  and  of  the  Tormentil,  have  been  used  in  tanning ;  and  the 
roots  of  a  kind  of  Bramble  afibrd  a  popular  astringent  medicine 
in  North  America.  The  leaves  of  the  Sloe  and  other  species 
have  been  used  as  substitutes  for  tea ;  and  the  fruit  of  the  com- 
mon Dog-rose  and  other  allied  species  has  a  degree  of  astringency, 
which  renders  it  useful  in  medidne. 

598.  The  next  order  which 
will.be  here  noticed  is  that  of 
Rhizophobbs,  the  Mangro/te 
tribe,  which  is  chiefly  remark- 
able on  account  of  ihe  singular 
mode  of  growth  obserred  in 
the  trees  belonging  to  it.  The 
Mangroves  are  tropical  trees, 
growing  on  the  banks  of  large 
rivers,  or  on  the  sea-coast, 
and  even  within  the  bounds 
of  the  ocean  as  far  as  low- 
water  mark.  Their  mode  of 
rootingi  consists,  not  like  that 
of  ordinary  trees,  of  divisions 
of  the  stem  beneath  the 
ground,  but  (as  it  were)  of 
arches  of  roots  above  it,  so 
that  a  more  extended  base  is 

formed,  and  a  firmer    hold  «.    ,«,   ^  ^ 

established,  m  the  loose  and 

swampy  soil.     From  the  summit  of  these  overbending  roots, 
the  trunk   of  the   Mangrove  springs,  as  shown  in    the  ad- 
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joining  figure.  The  calyx  in  this  order  is  forined  of  from  4  to 
13  adherent  sepals ;  and  the  petals  are  equal  in  number  to  the 
sepals,  and  are  inserted  upon  them.  The  number  of  the  stamens 
is  double  or  triple  that  of  the  petals.     The  ovarium  is  two*celled, 

being  formed  by  the  union  of 
two  carpels,  which  have  sepa- 
rate cells ;  and  each  cell  con- 
tains several  ovules.  But  in 
the  ripe  fruit,  we  find  but  one 
cell  and  one  seed,  this  having 
been  developed  at  the  expense 
of  the  others.  These  seeds  are 
peculiar  on  account  of  their 
power  of  germinating  whilst 

Fio.  157.— Parts  or  THE  Flowsb  or  Mah-         j.        *j.\^-        .t  j  i 

onoTB.  A,  the  fruit.  Mated  upon  acidyx  of  yet  withm    the    seed-vcssel. 

four  eepals,  and  sumounted  by  two  e^lea  Xh^  final  CauSe  Or  purpoSO  of 
B.  a 'flower  out  open,  showing  four  petals      ...         ,  ... 

alternating  with  four  wpala,  (the  latter  being    thlS  Singular  provision  IS  CVl- 

SrSirS.%tren.r::2.JS'*^-  ^ent,  when  tl.e  circnmstances 

under  which  the  tree  grows 
are  considered.  Were  they  to  be  shed  as  seeds  usually  are,  they 
would  fall  into  the  water,  and  be  carried  by  the  waves  of  the 
sea,  or  by  the  currents  of  the  rivers,  on  the  margins  of  which 
they  live,  far  from  any  place  that  is  fitted  for  their  growth.  But 
by  the  long  radicle  perforating  the  seed-vessel,  the  seedling  plant, 
when  dropped,  becomes  fixed  in  the  swamp ;  and  thus  forests  of 
Mangroves  are  formed  of  vast  extent,  unsafe  to  be  trodden  by 
human  foot,  but  over  which  the  savage  natives  pass,  leaping  or 
climbing  from  root  to  root  for  many  miles,  without  once  daring 
to  trust  their  weight  upon  the  treacherous  marshy  ground. 
These  swamps  continually  encroach  on  rivers,  lakes,  and  seas ; 
for  the  network  of  roots  intercepts  and  collects  all  the  solid  matter 
brought  down  by  the  rivers ;  and,  as  a  large  part  of  tins  consists 
of  decomposing  vegetable  matter,  the  Mangrove  swamps  are 
peculiarly  unhealthy  to  human  beings,  who  are  very  liable  to 
suffer  from  pestilental  fevers,  if  too  long  exposed  to  their  emana- 
tions. When  the  roots  of  the  Mangroves  in  such  places  are  left 
bare  by  the  ebb  of  the  tide,  they  are  seen  to  be  covered  with 
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oysters  and  other  shell-fish,  which  duster  aroand  them;  and 
hence  originated  the  wonderful  tales  of  the  early  voyageia  in 
tropical  climates,  who  affirmed  that,  in  the  East  and  West  Indies, 
oysters,  &o.  grow  npon  trees.  The  properties  of  this  order  are 
astringent ;  and  the  bark  of  several  species  is  used,  in  the  countries 
where  they  grow,  for  dyeing  black  with  iron. 

599.  The  succeeding  order,  Onagbariacba,  requires  notice 
chiefly  on  account  of  its  containing  several  British  species,  among 
which  may  be  mentioned  the  (Enothera^  or  Evening-Primrose, 
and  the  EpUohium^  or  Willow-herb.  The  former  derives  its 
common  name  from  the  circumstance  of  its  beautiful  yellow 
flower  unfolding  to  the  evening  sun,  but  retiring  with  the  glare 
of  advancing  day.  Its  scientific  name,  which  means  Win&-trap, 
was  conferred  upon  it  on  account  of  the  use  formeriy  made  of  its 
roots,  which  were  eaten  after  dmner  (as  olives  now  are)  as  an 
incentive  to  drinking ;  it  was  originally  called  Onoffra,  or  A8»- 
food ;  and  firom  this  name,  that  of  the  order  has  been  derived. 
Of  the  hitter,  a  great  many  species  exist  in  this  country,  some  of 
which  m^  be  found  in  almost  every  hedge.  They  may  be  at 
once  recognised  l>y  the  peculiar  position  of  the  flower,  which 
seems  placed  at  the  top  of  a  long  pod  or  seed-vessel,  whence  the 
scientific  name  (meaning  upim  Apod)  is  conferred  upon  it.  One 
of  the  species  of  this,  known  as  the  Great  Hairy  WUlow-harhy  ia 
among  the  finest  of  all  our  British  herbs ;  its  stout  hairy  sterna 
rising  to  the  height  of  five  or  six  feet,  and  being  terminated  by 
long  clusters  of  bright  red  flowers.  The  typical  genera  of  this 
order  may  be  at  once  distinguished,  by  the  prevalence  of  the 
number  four  in  aU  the  parts  of  the  flower.  The  calyx  consists 
of  four  sepals,  which  adhere  at  their  lower  part,  so  as  to  form  a 
long  tube  enveloping  the  ovarium ;  and  they  not  unfrequently 
adhere  in  some  degree,  after  they  have  diverged  from  the  top  of 
this,  so  that  the  calyx  appears  as  if  it  were  divided  into  only  two 
portions.  From  the  top  of  the  tube  of  the  calyx  arise  four  petab ; 
and  within  these  are  commonly  found  eight  stamens,  each  of 
which  has  a  very  long  anther,  swinging  (as  it  were)  by  its  middle 
from  the  summit  of  the  filament.  The  pollen  of  this  tribe  ia 
peculiar  in  form,  the  grains  being  triangular,  and  cohering  to 
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each  other  by  delicate  threads.  The  oyarimn,  which  will  be 
fbund  altogether  below  the  flower,  is  fomvsided,  and  containa 
fbur  cells,  in  each  of  which  are  a  great  many  ovi^es ;  from  this 
a  single  style  arises,  which  mounts  through  the  tube  of  the  calyx, 
and  usually  separates  at  the  top  into  four  stigmas.  The  fruit  is 
a  dry  capsule  with  four  angles,  separating  into  four  valves.  The 
seeds  of  the  Willow-herb  are  remarkable  for  the  curious  provision 
by  which  they  are  dispersed ;  each  of  them  has  a  very  long  tuft 
of  silk  at  one  end,  which  is  so  light,  that  the  faintest  breexe  is 
sufficient  to  buoy  it  up  and  carry  it  to  a  great  distance. 

600.  Although  several  handsome  species  of  this  order  abound 
in  Britain  and  in  other  parts  of  Europe,  it  is  in  America  that  it 
is  most  predominant ;  and  from  that  continent  we  have  derived 
a  plant  of  fur  greater  beauty  than  any  native  species,  which  is 
one  of  the  most  splendid  of  the  foreign  ornaments  of  our 
gardens  during'  the  summer  and  autumn.  This  is  the  Fuehiia 
(pronounced  Fushia),  which,  although  at  first  introduoed  as 
a  greenhouse  plant,  is  now  extensively  cultivated  in  the  open 
air,  in  the  southern  parts  of  Britain,  and  in  sheltered  situa- 
tions in  the  north.  ^'  Every  body,"  it  has  been  remarked, 
^  has  Fuchsias ;  the  poor  weaver  grows  them  in  his  window ; 
many  an  industrious  cottager  shows  them  as  the  pride  of  the 
KtUe  plot  of  ground  before  his  door ;  and  even  the  suburban 
inhabitants  of  London  speak  of  the  beautiful  Fuchsias  they  rear, 
with  enthusiasm  and  delight."  The  calyx  of  this  genus  is  of  a 
deep  crimson ;  and  the  petals,  which  are  of  a  dark  purple,  are 
small,  and  rolled  up  within  it.  The  fruit  differs  from  that  com- 
mon to  the  order,  in  being  a  berry  with  a  juicy  rind,  formed  by 
the  thickening  of  the  pericarp,  instead  of  being  a  dry  capsule. 
Thb  order  has  little,  except  its  beauty,  to  render  it  interesting 
to  mankind ;  for  there  is  not  a  single  species  which  possesses  any 
particularly  useful  property.  The  number  of  its  stamens  being 
invariably  2,  4,  or  8,  its  gexkem  are  distributed,  in  the  Linn»an 
elassificatioB,  among  the  daases  Diandria,  Tbtrandria,  and 

OCTAlfI»itIA. 

601.  The  next  important  order  is  that  of  Myrtacejb,  the 
Myrtle  tribe ;  in  the  flowers  <^  many  among  which,  also,  we  find 
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the  number  four  predominating ;  bat  it  is  not  the  number  cha* 
racteristio  of  tlie  group.  The  leaves  of  the  Myrtle  and  its  allies 
are  characterised  by  the  same  structure  as  that  which  has  been 
noticed  in  the  Orange  (§.  563),  being  studded  closely  with  little 
receptacles,  which  contain  a  volatile  oil ;  so  that,  if  they  be  held 
up  to  the  light,  they  look  as  if  pierced  with  holes  dosed  up  by 
a  green  transparent  substance;  and  if  bruised  they  emit  & 
fragrant  aromatic  odour.  In  the  common  Myrtle,  as  in  most  of 
the  order,  the  calyx  consists  of  five  sepals,  which  adhere  so 
as  to  form  a  tube ;  and  within  this,  there  is  a  corolla  consisting 
of  five  small  petals ;  the  latter,  however,  is  absent  in  some  species. 
Within  the  corolla,  we  find  a  considerable  number  of  stamois^ 
inserted  on  the  summit  of  the  tube  of  the  calyx ;  their  number 
is  generally  a  multiple  of  that  of  the  sepals,  and  they  are  some- 
times united  into  bundles.  The  ovary  of  the  M3Ttle  is  divided 
into  three  cells,  each  of  which  contains  a  good  many  ovules  ;  on 
this  is  mounted  a  single  style,  which  ends  in  a  very  small  stigma. 
The  fruit  is  a  purple  berry,  very  much  resembling  that  of  the 
Fuchsia ;  but  it  contains  only  three  cells  instead  of  four. 

602.     In  some  species,  however,  the  ovary  is  only  two-celled, 

whilst  the  parts  of  the  flower 
are  arranged  in  fours.  This  is 
the  case  in  the  Caryophyllm,  a 
tree  of  which  the  unripe  flower- 
buds  are  known  as  Clotet. 
This  tree  is  a  native  of  the 
Moluccas  and  othor  islands  in 
the  Indian  Ocean,  from  which 
it  has  been  transported  to  seve- 
ral parts  of  the  continent  of 
Asia,  and  also  to  the  West 
Indies.  It  is  only  within  a 
very  limited  range  of  climate, 
however,  that  the  Clove  ac< 
quires  its  full  aromatic  flavour, 
so  as  to  be  useful  as  a  spice; 
for  even  when  grown  in  some  of  the  larger  islands  near  the 


Fio.  158^-BiiA!«CH  or  Cfcora  Tau,  with 
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Fio.  150.— Snocnju  or  Flowkrs  or  Clovb  Tbbb.  A, 
bnd  or  Clove.  B,  tho  flower  expended,  showing  the  ttemene 
in  four  bundles.  C,  flower  with  stamens  removed,  showing 
the  calyx  and  corolla,  each  oonristing  of  four  pieces.  D, 
▼ertioal  section  of  otarinm.  E,  hoiiaontal  section  of 
OTarium. 


Moluccas  and  in  Cochin-Ghins,  it  is  almost  tasteless.  The 
Clove  has  been  known  in  Arabia  from  the  earliest  ages ;  and  it 
was  introdaced  into  the  European  market  nearly  2000  years 

ago.  Up  to  a 
comparatively  re- 
cent period,  how- 
ever, the  source 
from  which  it  was 
obtained  was  not 
known  to  Eu- 
ropeans. Early  in 
the  16th  century, 
the  Moluccas  were 
discovered  by  the 
Portuguese,  and 
were  soon  afterwards  taken  from  them  by  the  Dutch,  who 
endeavoured  to  monopolise  the  growth  of  the  Clove,  and  to  regu- 
late the  quantity  which  should  be  supplied,  by  cutting  down  or 
planting  trees^  according  to  their  own  supposed  interests.  This 
System  more  than  once  occasioned  an  insurrection  among  the 
natives,  who  regard  the  Clove-trees  with  great  attachment,  and 
who  are  in  the  habit  of  planting  one  at  the  birth  of  each  child. 
Every  part  of  the  Clove-tree  abounds  with  aromatic  oil ;  but  it 
is  most  fragrant  and  plentiful  in  the  unexpanded  flower-buds,  in 
which  it  is  so  abundant  that  it  may  be  pressed  from  them.  It  is 
one  of  the  few  essential  oils  that  are  heavier  than  water.  It  is  a 
very  powerful  stimulant ;  and  is  sometimes  employed  in  medicine; 
but  its  principal  use  is  in  cookery.  The  average  annual  crop  of 
Cloves  is  from  21bs.  to  241bs.  from  each  tree ;  but  a  fine  tree  has 
been  known  to  yield  1251bs.  of  this  spice  in*a  single  season ;  and 
as  5000  Cloves  only  weigh  one  pound,  there  must  have  been  at 
least  625,000  flowers  upon  this  angle  tree.  The  quantity  im- 
ported into  Britain  in  1839  was  upwards  of  367,0001bs. 

603.  Several  other  species  of  this  order  have  aromatic  pro- 
perties, and  yield  products  which  are  valued  as  spices.  This  is 
the  case  with  the  Pimento,  the  berries  of  which  are  known  under 
the  name  of  All-spicoi  from  bebg  oonsidered  to  unite  the  flavour 
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of  clovesi  ciimainoB^  aod  nutm^.  They  yield  an  (h1  which 
much  resemblee  that  of  doves.  The  pleasant  fruits  called  the 
Bose  Apple  and  the  Jamroaade  of  the  East  Indies,  and  the  Qoava 
of  the  West  Indies,  are  the  succulent  berries  of  shrubs  of  the 
Myrtie  tribe ;  as  is  also  the  Pomegranate,  which  was  originally 
a  native  of  Barbary,  but  has  now  migrated  to  Europe.  The 
volatile  oil  of  Cajeputi  is  distilled  from  the  leaves  of  an  Indian 
species ;  this  has  long  been  known  as  a  valuable  external  applica- 
tion in  rheumatism ;  and,  for  a  short  time,  it  enjoyed  the  repu- 
tation ai  being  a  specific  for  the  Indian  cholera.  The  leaves  of 
another  species  are  used  by  the  Malays  as  tea. 

604.  There  is  a  remarkable  division  of  the  Myrtle  tribe,  in 
wliidi  the  fruit  is  dry,  instead  of  being  a  berry,  and  opens  at  the 
top.  The  greater  part  of  the  species  belonging  to  it  are  natives 
of  New  Holland ;  and  amongst  these  may  be  specially  mentioned 
the  Euealypftu  or  Gum-tree.  This  is  destitute  of  corolla;  and 
the  calyx  has  the  sepals  adherent  very  closely  tc^ether,  so  as 
completely  to  envelop  the  stamens.  When  these  expand,  how- 
ever, the  upper  part  of  the  cal3rx  separates  fr^m  the  lower,  and 
is  carried  off  upon  the  top  of  the  stamens,  very  much  as  in  the 
Eschscholtzia  (§.  525).  The  Eucalypti  are  distinguished  for 
their  astringency;  and  the  tannin  which  they  yield  has  been 
extracted  from  their  bark,  and  used  in  the  manufacture  of  leather. 
An  Indian  species  affords  an  astringent  extract,  which  has  been 
substituted  for  Kino. 

605.  This  order  is  almost  entirely  restricted  to  warm  climates. 
A  laige  number  of  species  is  found  in  South  America  and  in  the 
East  Indies ;  whilst,  of  the  latter  division  of  the  group,  a  consi- 
derable proportion  exists  in  New  Holland  and  the  South  Sea 
Islands.  The  commcm  Myrtle  of  this  country  is  a  native  of  the 
South  of  Europe ;  and  it  is  well  known  that  this  beautiful  ever-* 
green  is  liable  to  great  injury,  and  even  to  be  destroyed,  if  not 
carefully  protected  from  the  cold  of  our  severe  winters. 

606.  The  order  Cucurbitacba,  or  Gourd  tribe,  is  not  a  large 
one,  but  it  contains  several  species  which  are  highly  useful  to 
Man,  such  as  the  various  kinds  of  Melon,  Cucumber,  €K)urd,  Sie, 
These  plants  are  all  herbaceous,  and  grow  by  twining  stems, 
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which  are  fnraished  with  tendrils.  The  flowers  are  very  frequently 
rooncBoioos  or  dicBcions ;  hot  they  are  sometimes  complete.  The 
cal3nc  and  corolla  are  usually  small ;  the  former  (as  in  the  Cucum*- 
ber)  is  not  unfrequently  absent;  and  the  latter  in  most  cases 
assumes  the  appearance  of  a  calyx.  Their  parts  are  five  in 
number,  as  are  also  the  stamens,  which  very  commonly  adhere 
into  a  tube  inclosing  the  style.  The  ovarium  consists  of  three  or 
five  carpels  united  together ;  these  are  enveloped  by  the  prolonged 
receptacle  or  fleshy  tube  of  the  calyx  (just  as  in  the  Apple,  §.  595). 
The  ovary,  however,  has  only  one  cell,  the  partitions  between  the 
carpels  having  been  obliterated ;  but  in  this  single  cell  we  may 
readily  see,  on  cutting  across  a  Cucumber,  that  the  ovules  are 
arranged  on  three  lines  which  pass  up  the  sides,  and  which  are, 
therefore,  parietal  placentas  like  that  of  the  Heartsease.  It  is 
curious  that,  in  the  Melon  and  Cucumber,  which  are  usuaUy 
regarded  as  dioecious  species,  the  development  of  staminiferous  or 
pistilliferous  flowers  should  be  entirely  governed  by  the  degree  ol 
heat  to  which  the  plants  are  exposed ;  the  former  being  produced 
when  the  proportion  of  heat  to  light  has  been  considerable,  and 
the  latter  under  contrary  oiroumstanoes.  The  plants  of  this 
order  are  almost  entirely  natives  of  hot  climates>  and  can 
only  be  grown  elsewhere  under  a  considerable  amount  of  arti- 
ficial heat. 

607.  Although  we  are  commonly  accustomed  to  consider 
Melons  and  Cucumbers  as  quite  free  from  injurious  properties 
(except  in  causing  indigestion  in  weak  stomachsX  this  character 
does  not  extend  to  the  whole  order.  The  bitter  purgative  drug 
termed  Colocynth  is  obtMued  from  the  pulp  of  a  sort  of  Gourd, 
which  is  a  native  of  the  Levant,  Arabia,  &c.;  and  from  the 
Momordica  Elaterium,  or  Spirting  Cucumber,  a  still  more  active 
preparation  has  been  obtained,  a  few  grains  of  which  are  so  violent 
in  their  operation  as  even  to  des^y  lifo.  This  bitter  purgative 
principle  is  not  absent  in  the  common  edible  firuit,  but  is  present 
in  smaller  proportion.  Besides  furnishing  palatable  food,  this 
order  is  very  useful  to  man  in  supplying  him  with  vessels  of 
various  forms  and  sizes*  Some  gourds  are  nearly  globular  in 
form ;  and  the  rind,  when  the  fruit  is  cut  in  half  and  the  inte- 
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rior  la  removed,  fdrnishes  two  buins.  Others  grow  in  th« 
shape  of  botUee ;  and  these  sometimes  attun  the  dimensions  of 
six  feet  long  by  a  foot  and  a  half  in  circumference ;  when  very 
young  and  small,  they  are  made  into  spoons.  Such  yessels  are 
known  in  the  East  and  West  Indies,  Arabia,  Egypt,  &c.,  as 
Caloihathei.  Some  of  the  fruits  firom  which  they  are  made,  are 
as  harmless  as  the  cultivated  Melon  and  Cucumber;  but  others 
c(mtain  much  of  the  bitter  purgative  principle ;  and,  in  preparing 
the  latter,  it  is  requisite  not  merely  to  scoop  out  the  entire  pulp, 
but  to  allow  water  to  stand  in  them,  and  to  change  this  several 
times,  till  all  the  bitterness  be  removed  from  the  rind.  The 
common  Pumpkin  is  remarkable  for  its  rapid  growth ;  in  good 
soil,  and  well  supplied  vnth  water,  it  will  form  shoots  40  or  50 
feet  long,  and  wUl  cover  an  eighth  part  of  an  acre  ot  ground  in  a 
season.  Its  pulp  is  eatable,  but  it  is  not  much  used  in  this 
country.  On  the  Continent,  however,  it  is  frequently  employed 
as  an  ingredient  in  various  dishes ;  and  it  is  extensively  culti- 
vated, for  the  purpose  of  feeding  cattle  and  hogs,  as  vrell  as  on 
account  of  the  seed,  which  3rields  an  oil  suitable  both  for  food  and 
for  burning.  The  Vegetable  Manow,  which  within  a  few  years 
has  become  a  common  dish,  is  the  produce  of  an  allied  species  of 
gourd.  The  Water  Melon  approaches  in  character  to  the  Cucum- 
ber. Its  fruit  is  so  succulent  that  it  almost  melts  in  the  mouth ; 
and  in  warm  climates  or  in  hot  seasons,  is  a  most  refreshing 
article  of  diet.  To  the  Egyptians  it  may  be  said  to  be  both  food 
and  physic.  It  often  grows  to  a  laige  sisEc  even  in  this  country ; 
but  it  is  only  between  the  tropics,  that  it  attains  its  greatest 
dimensions ;  in  Senegal,  one  has  been  known  to  weigh  ^  lbs. 

608.  Yery  nearly  allied  to  the  Gourd  tribe  is  the  order  Pas- 
siFLOBBA,  or  PoMiion' Flower  tribe,  which  also  consists  of  plants 
having  creeping  stems,  supporting  themselves  by  tendrils,  and 
bearing  large  juicy  fruit.  This  order  is  principally  to  be  met 
VFith  in  America ;  and  its  name  is  derived  from  the  superstitious 
iemcies,  entertiuned  by  the  Spaniards  who  discovered  that  con- 
tinent, respecting  the  flower,  which  they  considered  to  be  an 
allegorical  representation  of  the  cruoifizion  and  sufferings  of  our 
Saviour.    In  its  anthers,  they  saw  his  five  wcunds ;  in  the  thre^ 
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styles,  ike  nails  by  which  he  was  fixed  to  the  cross ;   in  the 

column  which  rises  firom 
the  bottom  of  the  flower^ 
the  pillar  to  which  he  was 
bound ;  and  a  number  of 
little  fleshy  threads  which 
spread  from  its  cup,  they 
compared  to  the  crown  of 
thorns.  It  seems  difficult 
to  imagine  how  such  a 
notion  could  have  been 
suggested  to  them;  since 
the  general  aspect  of  the 
flower  does  not  appear 
such  as  to  be  likely  to 
excite  it.  Yarious  species 
of  Passion  Flower  are  now 
naturalised  in  this  country ; 
and  are  beautiful  orna- 
ments to  the  fronts  of 
houses,  garden  walls,  or 
trellis-work,  over  which 
they  may  be  trained.  They  sometimes  climb  to  the  tops  of  high 
trees,  and  hang  down  in  elegant  festoons  from  their  branches. 
On  examining  the  flower,  we  find  that  the  calyx  has  five  sepals, 
which  are  usually  green  en  the  outside,  but  are  yellow,  red, 
blue,  or  purple  in  their  interior.  The  petals  are  equal  in  num- 
ber to  the  sepals,  and  are  of  the  same  colour  with  their  inside ; 
sometimes,  howeyer,  they  are  absent.  Next  within  these,  we 
do  not  at  once  come,  as  we  might  expect,  to  the  stamens ;  but 
we  meet  with  several  rings  of  beautiful  fleshy  threads,  which 
spread  from  the  calyx  like  rays,  and  are  splendidly  variegated 
with  cnmson  or  blue-and- white.  These  diminish  in  size  towards 
the  centre  of  the  flower ;  and  at  last.lose  themselves,  as  it  were, 
in  some  little  rings,  that  surround  the  base  of  the  column,  which 
now  presents  itself  in  the  centre.  These  threads  are  to  be  re- 
garded either  as  stamens  or  petals  in  an  undeveloped  state ;  it  is 
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of  no  consequence  which  we  denominate  them. 


In  the  centre 
of  the  flower, 
firom  the  bot- 
tom of  the 
calyx,  risee  a 
oolnmn ;  at 
the  top  of 
which  we  ob- 
serve five  an- 
there.  The 
column  itself, 
of  which  the 
outside     re- 

Fio.  161.— A,  SRcnoxor  Pamiow-Flowkil    B,  CBimuL  CdLUMM,  semblesiu  CO- 
showing  the  three  styles  at  the  top ;  the  five  anthers,  a,  a ;  the 
tabe,  b,  bt  fnrmed  by  the  eohetifin  of  the  fllameatM ;  «,  the  innermoct  loUr  the  SUT- 
ring  of  the  undeveloped  petaU ;  d,  the  origin  of  tho  petals;  «,  the  ««,„«j*    «  u«^ 

origin  of  the  cayx.  roundiug  bo- 

dies, conmsts 
of  an  exterior  sheath,  formed  by  the  adhesion  of  the  filaments  to 
each  other,  and  of  an  interior  solid  stalk,  on  the  top  of  which 
the  ovary  is  mounted.  The  ovary,  when  cut  across,  is  found  to 
consist  of  but  one  cavity ;  the  ovules,  however,  are  attached  to 
three  parietal  placentes  (as  in  the  Yiolet),  showing  that  the  seed- 
vessel  is  composed  of  three  carpels;  and  the  summit  of  the 
ovarium  bears  three  short  styles,  which  terminate  in  thick 
swollen  stigmas.  The  fruit  is  a  fleshy  egg-shaped  body,  con- 
taining a  number  of  pulpy  seeds ;  but  it  varies  extremely  in  size 
and  colour,  in  the  different  species.  In  all  instances,  however, 
it  is  destitute  of  any  injurious  principle,  and  may  be  eaten  with 
safety.  In  the  common  Pasaon-flower,  it  is  about  as  large  as  a 
hen's  egg^  and  orange-yellow  on  its  exterior ;  in  some  tropical 
species,  called  Grmadillas^  it  is  much  larger,  attaining  the  size 
of  a  man's  head,  and  is  greener  in  its  colour.  These  are  culti- 
vated on  account  of  the  slightly  acid  pulp  they  contain,  which 
renders  them  refreshing ;  and  the  rind,  which  is  also  a  little  acid, 
is  cut  into  slices  and  made  into  tarts,  which  have  somewhat  the 
flavour  of  those  made  of  apples.  The  substance  which  surrounds 
the  seeds  is  not  mere  pulp,  but  is  a  sort  of  fleshy  coat,  termed  the 
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arUluiy  which  gradaally  rises  from  the  bottom  of  the  oYule,  and 
at  last  enydope  it  completely.  It  will  hereafter  be  eeen  that 
the  spice  knowB  as  moM,  is  the  ariUos  of  the  nutmeg.  A  spe- 
cies of  PasnoB-flower  inhabiting  the  Isle  of  France  is  remarkable 
for  the  narcotic  properties  of  its  root ;  bnt  it  is  not  unlikely  that 
these  are  shared  in  some  degree  by  others. 

609.  Passing  orer  several  ranall  orders,  we  come  to  that  of 
Crassulacsa,  the  Hom&'Uek  tribe,  which  is  chiefly  interesting 
as  containing  several  British  species  of  snccolent  plants,  whidi 
flourish  under  circumstances  that  would  be  fatal  to  almost  all 
others.  They  are  found  in  the  driest  situations,  where  not  a 
blade  of  grass  nor  a  particle  of  moss  can  grow,  on  naked  rocks, 
old  walls,  sandy  hot  plains,  alternately  exposed  to  the  heaviest 
dews  of  night,  and  to  the  fiercest  rays  of  the  noon-day  sun.  Soil 
is  to  them  a  means  of  keeping  them  stationary,  rathar  than  a 
source  of  nutriment.  In  this  respect  they  resemble  the  Cacti 
and  other  plants  of  tropical  climates,  which  they  represent  in 
more  temperate  regions.  About  half  of  the  species  known  to 
Botanists  are  natives  of  the  Cape  of  Good  Hope ;  and  nearly 
half  the  remainder  are  European  plants.  Altliough  they  re- 
semble the  Cacti,  and  some  other  orders,  in  the  succulent  nature 
of  their  stems  and  leaves,  there  is  no  other  very  close  corre- 
spondence between  them.  The  number  of  parts  in  the  flower  is 
subject  to  great  variation.  The  calyx  may  consist  of  from  three 
to  twenty  sepals,  which  are  united  at  the  base.  The  petals  are 
equal  in  numb^  to  the  sepals,  and  are  inserted  into  the  calyx ; 
they  are  sometimes  distinct,  and  sometimes  cohere  into  a  mono- 
petalons  corolla.  The  stamens  are  either  equal  in  njumber  to  the 
petals,  alternating  with  them  ;  or  are  twice  as  many,  in  which 
case  those  alternating  with  them  are  longer,  and  come  to 
maturity  earlier,  than  the  others.  The  carpels  are  equal  in  number 
to  the  petals,  and  are  oppodte  to  them ;  they  are  arranged  in  a 
circle,  and  are  more  or  less  adherent  in  different  species,  each 
having  its  own  style  and  stigma.  Every  one  contains  several 
ovules,  which  are  arranged  in  two  series  along  its  internal  edge, 
wliere  the  dehiscence  or  opening  usually  takes  pUce  at  the  time 
of  maturity.     The  Sedunu  or  Stonecrops,  of  which  many  species 
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exist  in  Britain,  belong  to  the  LinnMm  class  and  order  Dbcak- 
DRiA  Pmtagynia^  having  five  parts  in  the  calyx,  corolla,  and 
ovarium,  with  double  the  number  of  stamens ;  whilst  the  Sim- 
pervivum^  or  House-leek,  is  found  under  Dodboamdria  DotU^ 
fsagywia^  having  twelve  stamens  and  twelve  styles.  The  common 
British  species  of  the  latter  is  remarkable,  for  almost  always 
bearing  ovules  on  its  anthers,  instead  of  pollen.  These  plants 
are  not  only  very  tenacious  of  life  when  naturally  exposed  to  the 
elements,  but  resist  efforts  made  to  destroy  their  vitality,  when 
it  is  desired  to  preserve  them.  The  collector  finds  it  very  diffi- 
cult, therefore,  to  prepare  them  for  his  Herbarium ;  for  they 
will  push  long  shoots  whilst  under  great  pressure,  and  after 
being  submitted  to  a  high  temperature.  It  is  from  the  defi- 
ciency of  stomata,  and  the  thickness  of  the  cuticle,  that  it  is  so 
difficult  to  dry  them ;  and  it  is  obviously  by  these  prop^ies, 
that  they  are  enabled  to  resist  the  rays  of  the  sun. 

610.     I'he  order  Gagtrjb,  or  PricJdy  Pear  tribe,  is  by  nature 

exclusively  confined  to  the 
New  World ;  but  several  spe- 
cies have  now  been  naturalised 
elsewhere.  They  do  not,  even 
on  that  continent,  extend  hx 
from  the  tropics;  they  fre- 
quent hot,  dry,  exposed  situa- 
tions, like  those  to  which  the 
CrassulacesB  are  adapted.  Most 
of  the  species  of  this  order  are 
remarkable  for  the  absence  of 
leaves,  of  which  no  other  traces 
are  found,  than  tufts  of  prickles 
arising  at  regular  intervals 
from  the  stem, — ^these  being 
the  veins  of  the  leaves,  be* 
tween  which  the  parenchyma 
is  not  developed  (§.  236). 
The  stems  and  branches  are  very  fleshy  and  succulent,  and 
usually  have  flat  expanded  surfaces,  which  in  some  degree  per- 
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form  the  fanctions  of  leayes.  In  ihe  various  species  of  Cactus, 
however,  we  find  the  form  of  the  stem  differing  greatly*  Tlius 
in  one  kind,  known  as  the  Melon-Cactns  from  its  form,  the  stem 
is  so  much  stnnted  as  well  as  expanded,  that  it  quite  resembles 
the  fruit  alluded  to.  In  other  species,  however,  the  stems  are 
round  and  greatly  prolonged,  resembliui^  ropes ;  whilst  in  others, 
again,  they  are  equally  long,  but  are  angular.  All  are  adapted 
to  the  same  circumstances  of  growth ;  but  the  Melon-Cactus, 
from  its  greater  bulk,  in  proportion  to  the  surface  it  presents, 
can  exist  in  the  most  exposed  situations.  It  usually  happens  in 
tropical  climates,  that,  during  a  certain  portion  of  the  year,  a 
large  quantity  of  rain  falls,  the  atmosphere  is  loaded  with  damp- 
ness for  many  weeks,  and  the  soil  is  completely  saturated  with 
water.  During  this  time,  the  Cactuses  live  very  fast,  and  dis- 
tend all  the  cavities  of  their  tissue  with  fluid.  The  resistance 
aflbrded  by  their  thick  cuticle,  and  by  the  deficiency  of  stomata, 
to  the  evaporation  of  this,  enables  them  to  retain  a  store  of  it 
(as  the  Camel  holds  water  in  the  stomach)  until  they  can  ac- 
quire a  fresh  supply.  At  other  times,  they  may  be  said  to  live 
very  slowly;  the  functions  of  exhalation,  digestion,  &c.,  are 
performed  very  inactively ;  and  the  fluid  which  they  have  ab- 
sorbed during  the  rainy  season  is  adequate  for  their  support, 
during  all  those  months  when  they  cannot  live  upon  the  eoil  or  the 
atmosphere.  This  property  sometimes  renders  the  Cactus  tribe 
of  great  utility  to  man.  On  Mount  Etna,  for  example,  and  itf. 
volcanic  fields,  it  is  the  Indian  Fig  which  the  Sicilians  employ, 
to  render  such  desolate  regions  susceptible  of  cultivation.  This 
plant  readily  strikes  into  the  fissures  of  the  lava,  and  soon,  by 
extending  the  ramifications  of  its  roots  into  every  crevice  of  the 
stone,  and  bursting  the  largest  blocks  asunder  by  their  gradual 
increase,  makes  it  capable  of  being  worked.  The  juiciness  of 
the  stems  causes  them  to  be  sought  in  the  West  Indies,  during 
dry  seasons,  by  the  cattle ;  which,  tearing  off  the  thorny  integu- 
ment that  covers  them,  feed  upon  the  moist  pulp  within. 

611.  The  flowers  of  this  tribe  are  commonly  very  showy; 
and  the  number  of  handsome  species,  which  have  been  of  late 
introduced  into  our  hothouses,  gives  them  an  air  of  splendour 
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Fio.  1«3.— Pawb  or  riowmn  or  Cactus  tuna.  A, 
thickened  axis,  bearing  tbe  StanwM,  a,~tlM  atyle,  b,^ 
and  itiKnia.  e ;  and  eooloaliig  the  oTarium,  d,  B.  Tertical 
aactlon  of  orarium.  C,  tranavene  section  of  ditto. 


unknown  until  reoent  yean.  No  distinotion  ova  be  traced  be- 
tween the  calyx  and 
corolla ;  for  the  flow- 
ers branch  off  directly 
from  the  stem,  and 
its  cylindrical  axis 
is  covered  witli  scale- 
like  coloured  bracts, 
which  at  the  upper 
part  gradually  pass 
into  thin  delicate  pe- 
talline  leaves,  which 
unfold,  tier  after  tier,  from  within  each  other,  adhering  by  th^ 
lower  ends  so  as  to  produce  a  firm  fleshy  tube.  From  the  inte- 
rior of  this  tube,  spring  a  number  of  rows  of  slender  stamens. 
The  ovarium  is  situated  iu  a  cavity  within  the  apparent  stalk  of 
the  flower;  and  contains  a  considerable  number  of  ovules, 
attached  to  parietal  plaoentad.  The  style  is  a  single  column, 
springing  from  the  top  of  the  ovarium ;  and,  after  rising  above 
the  anthers,  it  divides  into  a  star^shaped  set  of  stigmas,  equal  in 
number  to  tlie  placentae.  The  beauty  of  the  flowers  is  usually 
very  short-lived ;  some  of  them  only  last  for  a  few  hours.  One 
of  the  most  splendid  species  is  the  Ceretu  grandiflorui  or  night- 
blowing  Cereus,  the  blossoms  of  which  begin  to  expand  about 
6  or  7  o'clock  in  the  evening,  and  are  fully  blown  about 
midnight;  but,  by  3  or  4  in  the  morning,  they  are  quite 
decayed.  During  its  short  continuance,  however,  there  is 
scarcely  any  flower  of  greater  known  beauty.  The  perianth, 
when  open,  measures  nearly  a  foot  in  diameter;  the  outer 
leaflets  are  of  a  dark  brown  colour,  the  inner  ones  are  of  a 
splendid  yellow,  gradually  shaded,  toward  the  centre  of  the 
flower,  into  a  pure  and  brilliant  white.  When  several  of  these 
magnificent  flowers,  therefore,  are  open  at  once  upon  a  single 
plant,  they  seem  like  stars  shining  out  in  all  their  lustre,  veri- 
fying the  poet'^s  declaration  that 

<'  Darkness  shows  as  worlds  of  light 
We  ncTOi-  see  hy  daj." 


Digitized  by  VjOOQ IC 


CACTUS  TBIBB;  COCHINBAL. — OOOSEBBBBT  TBIBB.   445 

Besides  possessing  beaaty  for  the  eje,  these  flowers  aro  deligLi  • 
fdlly  fragrant,  and  fill  the  air  with  odours  to  a  considerable  dis- 
tance aronnd. 

612.  When  the  flower  has  withered,  the  ovary  enlarges  and 
becomes  pulpy,  and  is  in  time  converted  into  a  fruit  which  has 
much  resemblance  to  that  of  a  gooseberry,  but  is  usually  inferior 
in  flavour.  The  juiciness  of  the  fruit  of  many  species,  however, 
renders  them  acceptable  in  warm  climates;  on  Etna,  for  ex- 
ample, the  large  cooling  fruits  of  the  Indian  Fig  are  sold  in  con- 
siderable quantity,  and  some  of  the  varieties  are  of  great  excel- 
lence.* Independently  of  this  use,  the  Cactus  tribe  cannot  be 
said  to  be  of  any  direct  advantage  to  Man ;  they  indirectly  serve 
him,  however,  in  a  very  important  manner.  Several  species  of 
the  order  are  infested  with  insects  of  the  genus  Coceui^  some  of 
which,  especially  the  Coccui  CaeH^  become,  from  the  colouring 
matter  they  collect  from  the  fruit  and  flowers  of  the  plant,  of 
great  commercial  importance,  being,  in  fact,  the  Co^xmoI  of  the 
painter  and  dyer.  One  particular  species  of  Cactus  contains  a 
red  juice  more  delicate  than  the  others ;  and  it  is  when  feeding 
on  this,  that  the  bodies  of  the  Insects  acquire  the  most  brilliant 
tinge.  Cochineal  consists  of  nothing  else  than  the  dried  bodies 
of  the  Insects,  which  are  impregnated  thronghont  with  this 
colour. 

613.  The  next  order  to  be  noticed  is  that  of  the  Gbossu- 
LABXA  or  Gooieberry  tribe,  which  is  nearly  allied,  in  the  struc- 
ture of  its  flowers  and  fruit,  to  the  Caetese,  and  may  be  re- 
garded as  representing  that  order  in  cold  climates.  Although 
the  stems  of  this  tribe  are  not  succulent,  not  their  leaves 
entirely  deficient,  yet  there  is  a  oonversion  of  many  leaves  into 
spines,  by  the  absence  of  their  fleshy  part.  If  the  flower  of  the 
common  Gooseberry  or  Currant  be  examined,  the  following  will 
be  found  to  be  its  structure.  The  calyx  is  a  little  globular  cup, 
green  without  and  purple  within ;  its  border  is  marked  by  five 

*  It  will  Mrre  to  show  the  remarkable  combination  which  exuta  between  differ- 
ent oigant  in  this  order,  to  state  that  the  Author  has  witnessed  an  instance  in 
which  thtfruU  of  a  Cactns  sent  forth  a  regular  branch,  which  exactly  resembled 
those  proceeding  from  the  stem. 
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indeoUtions,  which  show  it  to  consist  of  five  sepals.     At  its 
month  are  five  sinall  scales,  which  are  the  petals ;  and  between 

these  are  the  stamens,  whidi 
are  also  five  in  number.  In 
the  centre  of  these  will  be 
seen  a  sbgle  style,  cleft  at 
the  top  into  two  small 
stigmas;  and  these  arise 
from  an  ovary  which  is  si- 

Fro.  164.~DfAOftAM  or  nown  or  Qmo^      a     a  j   u  i        xi.         i 

tvuLMtA  toated  below  the  calyx,  mi- 

bedded,  as  it  were,  in  the 
flower-stalk,  very  much  as  in  the  Cacten.  The  ovary  is  one- 
celled,  and  contains  a  considerable  number  of  ovules«  arranged 
upon  two  parietal  placenta.  When  the  flower  has  withered, 
the  ovary  swells,  and  becomes  filled  with  a  pulpy  substance 
which  sttiTounds  the  seeds ;  it  is  by  the  remains  of  the  caljrx, 
that  what  is  known  as  the  €ye  of  the  gooseberry  is  formed.  If 
a  ripe  Gooseberry  be  divided  into  two  parts  frt>m  its  point  to 
its  base,  the  position  of  the  seeds,  and  their  attachment  by 
threads  to  its  walls,  will  be  seen  to  correspond  with  what  has 
been  said  of  the  structure  of  the  ovarium. 

614.  The  description  just  given  of  the  flower  of  the  common 
Gooseberry  is  not  entirely  applicable  to  every  species ;  for  in 
some  the  petals  are  entirely  absent ;  and  in  others,  the  caljrz  is 
brilliantly  coloured,  as  in  the  Fuchsia.  Currants,  as  wdl  as 
Gooseberries,  belong  to  this  order ;  indeed,  the  botanical  differ- 
ence between  the  two  is  extremely  slight.  These  fruits  <mly 
attain  their  true  perfection  in  temperate  climates ;  and  it  is  pro- 
bable that  they  are  nowhere  produced  of  equal  siie  and  flavour 
to  those  which  are  nosed  in  &itain.  It  is  not  uncommon  for 
them  to  attain  the  weight  of  from  an  ounce  to  an  ounce  and  a 
half.  In  Spain  and  Italy,  the  heat  of  the  summers  is  too  great 
for  the  due  development  of  the  fruit ;  these  plants  not  being  pro- 
vided, like  the  Cactus  tribe,  with  the  means  of  resisting  it.  All 
the  difierent  kinds  of  Gooseberry  are  varieties  of  one  species ; 
and  the  same  may  be  said  of  the  Red  and  White  Currant ;  but 
the  Black  Currant  is  a  distinct  species,  of  which  no  varieties 
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have  been  obtained.  The  latter  grows  wild  in  Baasia,  where  the 
joioe  of  its  berries  is  made  into  wine ;  and  in  Siberia  the  leaves 
are  need  as  tea.*  Various  speciee  of  this  order  are  found  in 
North  America;  and  some  are  particulariy  abundant  on  the 
mountains  of  Northern  India,  giving  quite  a  European  character 
to  that  region. 

615.  The  succeeding  order,  Saxifragbjb,  or  Sax^rage  tribe, 
chiefly  deserves  notioe  on  account  of  the  number  of  species  it 
contains,  which  present  themselves  in  cold  and  mountainous 
countries,  occupying  the  sides  and  even  the  summits  of  lofty 
hills,  the  tops  of  walk,  the  depths  of  wooded  dingles,  the  rides 
of  trickling  streams,  and  even  the  recesses  of  the  most  dreary 
bogs.  Their  flowers  are  remarkable  for  their  exquisite  neat- 
ness, and  for  the  purity  of  their  colours.  One  of  the  best  known 
species  is  the  London  PridSy  which,  although  a  native  of  the 
Yorkshire  and  Irish  mountains,  endures  without  injury  the 
smoke  and  impure  air  of  the  metropolis ;  from  which  circum- 
stance it  derives  its  name.  It  is  met  with  in  cottage  gardens, 
almost  as  frequently  as  are  daisies  and  primroses.  The 
Hydrangea  is  another  species  cultivated  in  gardens ;  and  ibis  is 
remarkable  for  the  cir- 
cumstance of  the  showy  \      d  m     /    /^^""^^^ 


msting  reaUy  of  bracts.      \\ ,//     I'^Qj*   j 


part  of  the  flower  con- 

The  calyx,  in  the  S€ub%'      s^^YSj^        V 
frag€  tribe,  usually  con-  ^ 

sists  of  five,  rarely  four, 

sepals,  more  or  lees  ad-       Fio.  isb—Diaoium  ov  Flowu  or  ^AxatLMamm. 

herent  to  each  other  and 

to  the  ovarium.  The  number  of  the  petals,  which  are  seldom 
wanting,  is  ordinarily  equal  to  that  of  the  lobes  of  the  calyx ; 
and  that  of  the  stamens  is  either  the  same  or  double.  The  ova- 
rium usually  consists  of  two  carpels  diverging  at  their  apex ; 
the  partition  between  these  is  sometimes  complete,  forming  a 
two-celled  ovarium ;   but  occasionally  absent  when  it  is  one- 

*  The  OooMbcny  at  well  at  tike  Red  and  Black  Cumnt,  are  indigotiMXt  to 
thu  eoQBti^. 
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celled.  The  styles  are  commonly  distinct,  but  ne  sometimei 
adherent ;  in  the  greater  nnmber  of  the  tribe  there  are  no  mere 
than  two,  indicating  that  the  orariam  is  made  np  of  but  two 
caii>el8.  Each  cell  contains  a  large  number  of  minute  otnkis. 
The  iSmit  is  ordinarily  endoeed  in  the  oalyz,  and  opens  only  at 
the  point.  There  is  one  genus,  howeyer,  in  which  there  is  no 
adhesion  between  the  calyx  and  oyariom ;  and  there  are  seyeral 
in  which  the  adhesion  does  not  extend  &r  up.  In  habit  thie 
tribe  a  good  deal  resembles  some  of  the  Bosacese* 

61 G.  The  i^ants  of  this  order  are  almost  uniycrsally  di£fiised 
over  the  globe ;  but  they  cannot  be  said  to  be  of  any  dinsct 
ut3i^  to  Man.  The  name  of  the  principal  genus,  Sur^ra^ 
however,  is  probably  derived  from  the  power  which  may  be 
attributed  to  the  plants  ooraposing  it,  of  breaking  np  the  surlsoe 
of  the  rocks  on  which  they  grow,  by  insinuating  ihmt  roots  into 
creyices,  and  afterwards  causing  them  to  distend  in  the  same 
manner  as  the  Oactesfe  hate  been  just  now  stated  to  do  (§.  61(>). 
If  this  idea  be  correct,  it  is  obvious  that  their  ftmction,  in  pre- 
paring the  surface  of  bsrren  rocks  and  mosntain  sides,  ht  the 
habitation  of  plants  of  a  higher  order,  is  one  of  the  moat  import* 
ant  in  the  whole  economy  of  nature.  At  least  twenty  species 
of  this  genus  alone  exist  in  Britain ;  and  some  or  other  of  then» 
are  found  in  almost  every  rocky  or  exposed  situatton.  To  this 
order  belongs  the  very  singular  genus  Pamama  (se  named 
because  it  is  said  to  abound  on  Mount  PamassuB),  the  British 
species  of  which  is  the  companion  of  the  Sun-dew  in  its  marshy 
haunts,  and  rivals  it  in  singularity  of  stmctore.  In  the  latter^ 
the  peculiar  glandular  hairs  are  found  only  on  the  leaves ;  but 
in  the  Pamassia  they  exist  on  the  flowers.  AUemating  with 
the  staffs  ens,  there  are  ^ve  fleshy  scales,  divided  at  their  edge 
into  nittnerous  rays,  each  of  which  is  tipped  with  a  beau^fal 
pelhicid  greenish  gland ;  so  that  the  flower,  when  viewed  from 
above,  appeaie  set  with  spaikling  jewels*  The  Hyirmnpem^ 
(which  are  not  natives  of  Britain,  but  have  been  introduced 
firom  China  and  Japan,)  are  also  roandi  plants,  and  should  be 
kept  well  supplied  with  water,  when  grown  in  gardens.  A  full- 
sized  plant  requires  as  much  as  from  10  to  12  gallons  daily  in 
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warm  wefttlMr.  Whea  ibe  £k>n^  envelopes  are  ovw-deyeloped 
by  cultivation^  the  flowers  become  barren,  and  the  plant  m«Bt 
be  propagated  by  cuttings.  They  grow  in  dosely^set  clusters; 
and  a  litUe  ezaminalion  of  one  of  these  will  often  diselose  roaay 
carious  irregularities,  produced  by  the  partial  union  of  two  or 
more  flowers,  arising  from  the  want  of  room  for  their  full  deve- 
lopment* The  regular  number  of  the  large  coloured  leaflets  is 
Ibitf ;  but  not  unfirequently  we  And  a  flower  possessti^  five,  six, 
seven,  eight,  or  even  more ;  and  the  additional  ones  are  easily 
shown  to  be  derived  from  other  flowers,  which  are  partially 
/u$mi  or  melted  down,  as  it  were,  into  the  first  The  Ilydnugeas 
are  likewise  remarkable  &r  the  varieties  of  ecAfPU  to  which  the 
same  species,  or  even  the  same  individual,  is  subject,  aocordmg 
to  the  soil  in  which  it  grows*  Their  natural  and  most  common 
colour  is  red ;  in  a  poor  soil,  however,  they  become  of  a  dingy 
green;  but  when  grown  in  richer  mould,  especially  in  peat- 
earth,  and  watered  with  an  alkaline  solution,  or  manured  with 
wood-ariies,  they  assume  a  rioli  blue  tint,  and  their  clusters 
increase  in  siae  and  present  a  very  handsome  appearance. 

617.  We  next  come  to  an  order  of  great  extent  and  import- 
ance ;  and  one  that  is  marked  by  an  evident  peculiarity,  whidi 
enables  us  to  distingui^  very  readily,  in  almost  every  instance, 
itm  plants  that  belong  to  it.  This  is  the  order  Um bbllhebjb, 
the  UmbelUftrout  tribe,  so  named  from  the  peculiar  arrangement 
of  the  flowers  upon  the  stem,  which  pervades  the  whole  group. 
If  we  look  at  a  plant  of  any  common  spedes,  such  as  the 
Parsley  or  Hemlock,  we  observe  that  the  flower*stem  divides  nt 
the  top  into  a  number  of  short  slender  rays,  which  all  proceed 
from  one  point,  just  as  do  the  stretchers  of  the  umbrella.  If  the 
flowers  were  borne  on  these,  the  whole  set  would  be  considered 
aa  forming  a  iimpU  umM,  such  as  we  find  in  the  Geranium  and 
many  other  plants.  Bat  in  the  UmbellifbrsBf,  we  commonly  find 
that  each  stalk  of  the  umbel  subdivides  again,  bearing  a  second 
set  of  rays  that  carry  the  flowen  at  their  extremities,  wliich 
itself  constitutes  an  umbel.  The  whole  B3rstem  is  then  termed 
a  comfownd  mnbel;  and  it  is  this  which  is  characteristic  of 
the  order.     It  may  be  further  noticed,  that  the  stems  are 
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almoei  always  hollow,  and  ihsl  the  leaves  aie  wmaJij  nmoh 
divided. 

618.  The  separate  flowers  are  generally  very  minate,  and 
require  good  sight,  or  the  aid  of  a  magnifying-glaas,  for  their 
parts  to  be  diatingniriied.  The  calyx  generally  appears  wery 
snail,  seeming  to  consist  only  of  a  little  narrow  border,  finom 
within  which  the  petals  arise.  This  border  is  marked,  however, 
by  five  indentations,  showing  that  it  consists  of  five  adherent 
parts  or  sepals ;  and  these  adhere  not  only  to  each  othw ,  but  to 
the  ovarium  (which  is  consequently  inferior),  so  tiiat  their 
points  only  are  free,  and  these  seem  to  spread  out  firom  the  sum- 
mit of  the  seed-vessel.  The  petals  are  five  in  number,  and 
spring  firom  the  top  of  the  tube  of  the  caljrz ;  between  theae 
arise  five  stamens.  In  the  centre  of  the  flower  we  observe  two 
styles ;  and  these  arise  firom  the  top  of  the  ovary,  whidi  is  two- 
celled,  each  cell  containing  a  nngle  pendulous  ovule.  These 
characters  are  so  constant,  that  very  nearly  the  whole  of  the 
order  is  contained  in  the  linnaean  class  and  order  PsNTiiNDRiA 
Digyma ;  the  only  exception  being  in  a  few  speciee,  in  vduch 
the  ovarium  is  made  up  of  thr«$  carpels.  As  the  fruit  ripens, 
the  seeds  become  adherent  to  the  walls  of  the  ovaiy ;  and  the 
two  divisions  of  the  latter  separate  from  one  another ;  so  that 
for  the  ripe  firuit,  we  find  two  grains,  whidi  seem  like  seeds, 
and  are  commonly  considered  as  such,  although  really  consisting 
of  the  carpels  enclosed  in  the  tube  of  the  calyx,  lliey  are  fre- 
quently marked  in  a  curious  manner  on  the  outside,  by  ribs  or 
nerves  which  belong  to  the  latter ;  and  it  is  in  the  substance  of 
thb  envelope,  that  the  little  receptacles  of  secretion  exist,  which 
contain  the  essential  oils  that  are  diaracteristic  of  the  grains  of 
this  order,  such  as  those  of  Anise,  Carraway,  &c. 

619.  The  strong  general  resemblance  whidi  exists  between 
Umbelliferous  Plants,  makes  it  frequently  a  matter  of  some  dif- 
ficulty to  distinguish  their  various  genera  and  species.  This  is 
the  more  to  be  regretted,  as  there  is  a  great  difference  in  their 
respective  qualities,  some  being  nearly  or  quite  harmless,  ^R^iilst 
others  are  virulent  poisons.  The  Carrot,  Parsnep,  Celery, 
Fennel,  Parsley,  Carraway,  Dill,  Anise,  Coriander,  and  Sam^ 
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phiie,  are  all  well-known  kinds,  which  are  useful  for  Tarious 
porpoees, — the  three  former  being  very  largely  cultivated,  as 
affordbig  important  articles  of  food ;  whilst,  on  the  other  hand, 
the  group  oontains  the  Hemlock,  Oowbane,  Dropwort,  Fool's- 
Parsley,  and  many  other  species,  which  are  more  or  less 
unwholesome.  The  fifeoi  is,  that  the  general  character  of  the 
order  is  to  possess  narcotic  and  wxid  qualities,  which  are  espe- 
cially abundant  in  some  species,  and  which  -pnkMj  oni,  in 
some  degree  or  other,  in  all.  In  regard  to  the  Carrot,  and 
Parsnep,  the  same  remark  applies,  which  has  been  formerly 
made  (§.  659)  respecting  the  Potato ;  that  the  edible  portion 
consists  principally  of  starchy  matter  deposited  for  the  nutrition 
of  the  growing  parts,  and  that  this  is  consequently  free,  or 
nearly  so,  from  the  peculiar  properties  which  characterise  the 
order.  The  Celery,  when  growing  in  its  usual  manner,  pos- 
sesses these  properties  in  a  degree  whidi  would  render  it  injuri- 
ous as  well  as  disagreeable  to  the  taste ;  and  it  is  only  by  being 
blanched  (§.  288)  that  it  is  rendered  palatable  and  wholesome. 
The  Fennel  and  Parsley,  of  which  the  leaves  are  employed  to 
flavour  yarious  articles  of  cookery,  are  by  no  means  devoid  of 
injurious  properties,  though  the  small  quantities  in  which  they 
are  usually  eaten  do  not  cause  them  to  be  manifested;  the 
latter  is  said  to  be  much  more  injurious  to  Parrots,  than  it  is  to 
Man  or  Cattle.  These  properties  are  generally  contained  in  the 
leaves  and  stems  alone ;  and  consequently  the  fruits  of  even  the 
poisonous  species  are  for  the  most  part  destitute  of  them,  and 
may  be  used  as  a^omatics. 

620.  Of  the  British  species,  the  only  one  of  which  the  juices 
are  ordinarily  used  for  medicinal  purposes  is  the  Canium  maeu- 
latum,  or  Hemlock,  which  derives  its  specific  name  from  the 
spotted  appearance  of  its  stems,  by  which  it  is  easily  recognised. 
Although  the  order  is  more  abundant  in  temperate  climates  than 
between  the  tropics,  there  are  certain  plants  of  warm  climates 
which  afford  medicinal  products  of  great  value,  known  under 
the  name  of  the  fcgHd^funu.  They  are  of  the  nature  of  €Kim- 
resins  (§.  378),  and  are  distinguished  by  their  powerfully  dis- 
agreeable odour.    Those  most  in  use  are  Assafostida  and  Oalba* 
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nasi,  whioli  tm  prooored  from  PenU  tnd  the  East  lodiet,  mud 
an  reinodiia  of  great  utility  in  hjiteric  and  tpasmodie  com- 
plaiatB.  Tko  geographical  di8trilmtio&  of  this  order  preaenta 
aouM  poiatfl  of  much  intereat  Out  of  about  900  speciea,  which 
it  was  estimated  some  time  ago  to  oontain,  nearly  three-qoarters 
are  inhabitants  of  the  Northern  Hemisphere ;  and  of  these,  by 
far  the  larger  proportion  belongs  to  the  Old  World.  In  the 
whole  of  America  there  are  bnt  about  160  species ;  whilst  in  the 
extensive  wastes  of  New  Holland,  and  in  the  numerous  islands 
of  the  Polynesian  Archipelago,  only  about  70  are  known.  The 
number  in  Britain  alone  is  not  less  than  66. 

621.  The  order  Loranthacra  or  Mi$$elU)$  tribe  may  be 
next  briefly  noticed,  chiefly  on  account  of  the  curious  habits  of 
the  numerous  species  it  contains,  which  are  nearly  all  parasitic 
upon  other  plants ;  formiii^,  like  the  Misseltoe,  natural  grafts 
with  them,  by  insinuating  their  roots  into  their  chinks,  and  de- 
riving from  them  the  supply  of  sap  afforded  by  the  ascending 
current  ({•  320).  The  calyx  of  their  flowers  is  adherent  to  the 
ovarium,  and  scarcely  exhibits  any  trace  of  division  into  sepals  ; 
its  tube  is  enclosed  at  its  base  between  two  bracts.  The  corolla 
is  formed  of  frt>m  3,  4,  or  8  petals,  more  or  less  united  at  the 
base.  The  stamens  are  equal  in  number  to  the  petals,  and  are 
opposite  to  them ;  their  filaments  are  usually  adherent  to  the 
petals ;  but  sometimes  they  are  absent,  so  that  the  anthers  an 
seated,  as  it  were,  upon  the  latter.  The  ovarium  is  one-celled, 
and  contains  bnt  a  single  pendulous  ovule  ;  there  is  only  one 
stigma,  and  the  style  that  should  support  this  is  sometimes  ab- 
sent. The  fruit  is  a  berry,  contabing  a  viscid  matter,  like  bird- 
lime ;  it  is  frequently  eaten  by  birds,  which  drop  the  seed  on  the 
trees  on  which  they  perch ;  and  this,  by  the  peculiar  direction 
of  its  germination  ($.  821),  insinuates  its  radicle  into  their  stems 
or  branches. 

622.  The  principal  genera  of  this  order  are  the  Vitatm  and 
the  LormUkui.  The  former  only  inhabits  Britain,  and  is  known 
as  the  Misseltoe ;  it  is  generally  found  parasitic  upon  trees  of  the 
order  Rosaceee,  such  as  the  Hawthorn  and  the  Apple ;  and  it 
rarely  occurs  on  the  Oak.    Hence  it  probably  was,  that,  when 
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growing  on  the  latter  tree,  it  wu  held  in  raperstitioui  veBera- 
tion  hy  the  Druids  of  old.  The  Loranthns,  on  the  other  hand, 
infests  a  great  yariety  of  trees,  each  of  these  having,  for  the  most 
part,  a  particular  species  which  grows  on  it  alone.  Ahove  250 
species  of  it  are  known ;  and  these  are  mostlj  found  in  the 
tropical  parts  of  America  and  India.  In  Africa,  and  in  the 
South  Seas,  they  appear  to  be  yery  rare. 

623.  The  next  order,  Caprifoliaoba,  or  HoneytuckU  tribe, 
bears  a  nearer  relationship  to  the  foregoing,  than  might  have 
been  suspected.  The  flower  chiefly  differs  from  that  of  Loran- 
thace»  in  the  stamens  being  alternate  with  tlie  petals,  instead  of 
opposite  to  them ;  and  the  oyarium  frequently  (but  not  alv^ays) 
contains  more  than  one  cell.  The  order  differs,  also,  in  the 
alisence  of  parasitic  habits.  To  this  group  belong  not  only  the 
Honeysuckle  but  also  the  Elder,  and,  in  the  opinion  of  some 
Botanists,  the  Ivy ;  as  also  the  Chielder-Bose  and  Laurestinus, 
the  latter  of  which  is  a  beautiful  garden  shrub,  bearing  leaves 
and  flowers  all  through  the  wmter.  All  these  plants  are  natives 
of  the  northern  parts  of  Europe,  Asia,  and  America ;  they  are 
less  abundant  as  we  approach  the  tropics,  and  are  almost  un- 
known in  the  southern  hemisphere.  The  flowers  and  leaves  of 
most  of  this  order  are  strongly  odoriferous ;  the  former  are  gene- 
rally very  fragrant ;  but  the  latter  are  frequently  (as  in  the 
common  Elder)  foBtid,  and  possessed  of  acrid  properties.  The 
bark  'is  generally  astringent ;  that  of  some  species  has  been  used 
for  tanning ;  and  that  of  others  has  been  employed  in  medicine 
for  the  same  purposes,  and  with  similar  effects,  as  Peruvian 
Bark.  The  berries  of  the  Elder  and  of  other  species  contain  a 
good  deal  of  sweet  juice,  which  may  be  fermented  into  a  kind  of 
vdne.  Those  of  an  American  species,  when  dried  and  roasted, 
furnish  the  best  of  all  substitutes  for  Coffee,  which  is  sfforded 
by  a  plant  belonging  to  the  succeeding  order.  Another  species, 
known  as  the  Snow-berry,  is  cultivated  in  gardens  on  account  of 
the  delicate  white  colour  of  its  fruit. 

624.  The  next  order,  RtiBiACEJB,  or  Madder  tribe,  is  a  very 
extensive  one,  but  is  almost  entirely  confined  to  tropical  countries. 
It  comprehends  the  meanest  weeds  and  the  noblest  flowering 
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troet,— obscare  horbe  with  blossoms  which  it  dmost  reqniiee  m 
microscope  to  detect,  and  boshes  whose  scarlet  corollas  are  many 

indies  lon^jf ;  and  indiid^ 
a  plant  which  afibrds  one 
of  the  most  grateful  bever- 
ages that  the  luxury  of 
Man  has  prepared,  with 
others   of  nauseous    and 
bitter  taste,  some  of  which 
in  skilful  hands,  are  most 
valuable  medicines.     Tlie 
Rubiaceas,  excepting   the 
section  which  contains  tlie 
Madder  and  its  allies,  pos- 
sess stipules  at  the  base  of 
the  leaves ;  of  which  the 
last  order  are  destitute. 
The  calyx  consists  of  a  cup, 
enclosing  the  ovarium,  and 
scsrcelydivided  even  at  its 
edge.     The  petals  of  the 
coroUa  are  adherent  at  th eir 
lower  part  into  a  tube  ; 
their  number  is  usually 
five,  but  varies  from  3  to 
8,  as  doe?  also  that  of  the 
sepals.     The  stamens  are 
equal  in  number  with  the 
lobes  of  the  corolla,  and 
are  alternate  with  them  ; 
thej  are  generally  adhe- 
rent to  the  lower  part  of 
the  tube.     Tlie  ovarium 
usually     contains      two, 
sometimes  many  cells;  the 
style  is  single,  but  is  di- 
vided at  the  top  into  a  number  of  stigmas  equal  to  that  of  the 


Fio.  l«6.--CorrM  Plawt,  ihowlng  the  Sowen  and 
i»errle«,  and  the  stlpulet  at  the  haae  of  the  learea. 


Pio.  167 — Past  or  thb  Flowbr  or  Coma  Plant. 
A,  calyx  inclosing  ovary,  with  bifid  ttyle.  B,  tube 
of  the  coroUa  out  open,  sbowing  the  fire  divisions 
of  iU  upper  part  and  the  five  stamene  aiiainff 
from  it. 
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cells.  The  fruit  is  commonly  a  berry  containing  several  seeds, 
inclosed  in  a  fleshy  coyering ;  or  it  may  be  a  hard  capenle 
merdy ;  or  only  one  seed  may  haye  ripened,  which  is  inclosed 
in  a  flesh,  formmg  a  drupe^  like  the  Plum.  The  albumen  of  the 
seed  is  of  a  homy  texture — a  peculiarity  that  is  well  exhibited 
in  Ooflee,  which  consists  of  the  seeds  divested  of  their  envelopes. 
625.  Cofiee  might  be  obtained  from  several  species  of  the 
genus  Coffwa  ;  that  derived  frt>m  one,  however,  is  so  superior  to 
the  rest,  that  it  alone  is  commonly  cultivated ;  and  numerous 
varieties  of  it,  depending  in  part  upon  soil  and  climate,  are  now 
known.  The  native  country  of  the  Cofiee  Plant  is  Arabia ;  and 
the  use  of  its  seed  as  a  nourishing  and  agreeable  beverage,  has 
been  traced  to  a  remote  period,  having  been  certainly  common 
in  Persia  as  far  back  as  the  year  875.  Coffee  was  not  intro- 
duced into  Europe,  however,  before  the  year  1517 »  ftx^d  it  was 
a  century  and  a  half  before  it  came  into  general  use,  even  in  the 
capitals,  where  Coffee-houses  were  established.  The  seeds  were 
at  first  sold  at  an  exorbitant  price, — as  much  as  four  or  five 
guineas  the  pound.  The  plant  was  introduced  into  the  West 
Indies  by  Louis  XI Y.,  from  a  specimen  presented  to  him  by  the 
Dutch,  in  171^  of  which  he  sent  offsets  to  Surinam,  Cayenne, 
and  Martinique ;  and  from  this  all  the  present  plantations  are 
descended.  The  East  India  plantations  were  derived  from  a 
similar  common  source, — a  plant  in  the  Botanic  garden  at 
Amsterdam,  which  had  been  raised  at  Batavia,  from  seed  pro- 
cured from  Mocha,  in  1690.  The  Mocha  berries  are  smaller,  and 
possess  a  higher  flavour,  than  those  which  are  brought  from  the 
West  Indies.  This  is  partly  due  to  the  difference  of  soil  and 
temperature,  and  partly  to  a  difference  in  the  mode  of  culture. 
It  would  seem  as  if  nearly  the  same  quantity  of  the  aromatic 
product  were  formed  in  each  case ;  but  that,  in  the  large  seed  it 
is  diffused  through  a  greater  quantity  of  the  tasteless  albumen, 
and  is  therefore  less  intense.  It  has  been  confidently  asserted 
that,  if  the  West  Indian  Coffee  be  kept  for  several  years,  instead 
of  bemg  roasted  and  consumed  as  soon  as  it  can  be  transported 
across  the  Atlantic,  its  flavour  improves,  and  becomes  equal  io 
that  of  the  best  Mocha. 
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626.  Tb«  Coffoe-tree  grows  ereot,  wi^  a  aiagla  stem,  to  the 
hMgfat  of  abont  8  or  10  feet,  and  bas  kmg  tundirided  dender 
branches,  not  unlike  those  of  the  bay-tree.  The  blossoms  are 
white,  and  are  seated  on  short  footstalks,  altogether  resembHng 
the  flowers  of  the  Jasmine.  The  berry  is  red,  resembling  a 
cherry,  and  having  a  pale,  insipid,  and  somewhat  glatinoos  pmlp, 
inclosing  two  hard  nearly  hemispherical  seeds,  of  which  the  flat 
sides  are  opposed  to  each  other ;  the  seeds  are  enveloped  in  a 
membrane,  which  resembles  that  forming  the  divisions  of  the 
eors  of  the  apple,  and  is  called  the  parchment  The  trees  b^B 
to  produce  berries  when  they  are  two  years  old ;  and  in  their 
third  year  they  are  in  their  full  bearing.  The  blossoms  ^uund 
very  rapidly,^ — those  of  a  whole  plantation  sometimes  coming  ont 
in  a  single  night,  but  they  fSfMle  almost  as  rapidly.  The  pulp  is 
separated  from  the  berritss,  when  these  have  ripened  and  have 
been  gathered,  in  various  ways.  By  some  the  berries  are  ex- 
posed to  the  sun,  until  they  are  perfectly  dry,  and  the  hardened 
pulp  forms  a  husk,  which  is  broken  away  with  rollers.  By 
others,  the  berries  are  exposed  to  the  mn  in  layers,  so  that  the 
pulp  is  caused  to  ferment  And  by  others,  again,  this  is  rubbed 
off  in  a  sort  of  mill.  The  seeds,  before  being  roasted,  are  nearly 
tasteless ;  but  during  this  process,  a  change  seems  to  take  plaoe 
in  the  chemical  arrangement  of  their  partkles,  which  produces 
the  aromatic  flavour  and  odour  so  highly  valued. 

627.  When  Coffee  was  first  introduced  into  Turkey,  the  uae 
of  it  was  forlndden  by  the  government,  on  the  ground  of  its 
being  an  intoxicating  beverage;  and  the  ministers  of  religion 
complained  that  the  people  forsook  the  mosques  and  crowded  to 
the  coffee-houses.  It  has  since  become,  however,  quite  a  neces- 
sary of  life  in  Turkey ;  so  that  at  one  time  the  refusal  of  a 
husband  to  supply  his  wife  with  a  reasonable  quantity  of  it,  was 
reckoned  amongst  the  legal  causes  for  a  divorce.  The  history 
of  the  present  large  demand  for  it  in  this  country  is  very  remark- 
able. In  1808,  when  the  duty  on  coffee  produced  in  British 
plantations  was  two  shillings  a  ponad,  it  was  beyond  the  reach 
of  the  poorer  classes  of  consumers.  The  total  quantity  con- 
sumed in  Britiun  was  then  little  more  than  one  million  pounds. 
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from  the  importation  of  which  the  Goyemment  derived  a  revenue 
of  about  £160,000.  But  in  1824,  the  duty  was  lowered  to  six- 
pence  a  pound ;  and  the  consumption  has  gradually  increased  to 
more  than  28  million  pounds,  producing  an  import  duty  of 
£900,000.  There  are  strong  reasons  of  a  moral  nature  for 
encouraging  the  consumption  of  Coffee,  by  cheapening  its  price 
to  the  lowest  amount;  for  it  has  been  satisfactorily  shown  that 
the  more  extended  use  of  it  has  mainly  contributed  to  promote 
improved  habits  amongst  large  classes  of  the  community. 

628.  The  order  Rubiace»  takes  its  name  from  the  Rubia  or 
Madder  plant,  which  furnishes  the  most  important  of  our  crim* 
son  dyes  (§.  392).  It  is  only  in  tropical  countries,  however, 
that  it  presents  its  finest  aspect ;  but  in  some  of  these  it  is  so 
predominant,  that  its  species  constitute  about  l-29th  of  the  whole 
number  of  flowering  plants.  Amongst  the  most  important  of 
these  are  the  Cinchoruu,  which  furnish  the  Peruvian  or  Jesuits' 
Bark  so  largely  used  in  medicine.  This  is  very  astringent,  and 
might  be  used  for  tanning ;  but  its  chief  peculiarity  consists  in 
containing  a  laige  quantity  of  an  alkaline  substance  termed 
quinine^  which  may  be  extracted  firom  it  by  chemical  means,  and 
which,  being  the  most  valuable  part  of  the  drug,  is  now  usually 
given  in  a  pure  state.  This  is  almost  a  specific  for  agues ;  and 
is  extremely  valuable  as  a  tonic  in  weakened  states  of  the  system. 
The  Cinchonas,  of  which  the  several  species  afford  this  produdi 
in  varying  degrees,  grow  in  extensive  forests  in  South  America ; 
chiefly  inhabiting  the  sides  of  the  range  of  the  Andes,  between 
10^  North  Lat.,  and  22^  South  Lat.,  and  sometimes  rising  on 
these  mountains  to  the  height  of  10,000  feet.  It  is  from  the 
trees  growmg  in  elevated  situations,  that  the  best  bark  is  derived. 
Another  most  valuable  remedy  afforded  by  this  order  is  Ipeca- 
cuanha, which  is  the  powdered  root  of  a  little  creeping-rooted, 
half-herbaceous  plant,  found  in  the  damp  shady  forests  of  Branl. 
This  is  chiefly  employed  in  medicine  as  an  emetic,  and  also  to 
produce  perspiration ;  but  it  has  several  other  important  uses. 

629.  Passing  over  several  orders  of  secondary  importance,  we 
come  to  one  alike  remarkable  for  its  peculiarities  of  structure,  for 
the  large  number  of  plants  contained  in  it,  and  for  the  variety  of 
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siie,  oelour,  properties^  fta,  which  these  exhibit  The  order 
alluded  to  is  that  of  Compobitjb  or  Camjxmis  plants,  so  Darned 
on  aoooant  of  the  manner  in  which  a  number  of  flowers  are  cloa- 
tered  together  so  as  to  form  one  which  is  apparently  single.  We 
are  in  the  habit  of  speaking  of  the  Dais.^,  the  Dandelion,  the 
8an-flower,  the  Dahlia,  &o.,  as  single  flowers ;  and  yet  every 
one  Qf  these  is  really  composed  of  a  head,  on  which  a  large  num- 
ber of  blossoms  are  crowded  together.  If  any  one  of  these  be 
examined  in  its  natural  state  (that  is,  not  affected  by  cultiTa- 
tion),  it  will  be  found  to  consist  of  the  following  parts.  In  the 
first  place,  the  flower-stalk  spreads  out  into  a  large  fleshy  ex- 
pansion, which  is  the  disk  or  receptacle  of  all  the  florets  united. 
Around  the  edge  of  this,  we  notice  a  whorl  of  small  green 
leaflets ;  these  are  bracts,  and  .the  whole  circle  is  termed  the 
involuemm*  Above  and  within  these,  we  notice  one  or  moie 
whorls  of  flat  leafy-coloured  organs,  which  at  first  sight  appear 
to  be  single  petals,  but  which  will  be  presently  shown  to  be  se 
many  distinct  florets,  of  which  the  corolla  has  expanded  itself  on 
one  side  only.  In  the  wild  Daisy  and  Sunflower,  only  one 
whorl  of  these  exists ;  but  in  the  cultivated  Daisy,  as  in  the 
Dahlia,  they  become  numerous,  firom  a  cause  that  will  imme- 
diately appear.  Within  these  we  find,  crowded  together  upon 
the  disk,  a  large  number  of  minute  flowers,  scarcely  having  any 
perianth.  That  these  are  really  such,  can  often  be  only  disUncUy 
seen  with  a  magnifying  glass.  Every  common  Daisy  of  our 
meadows  contains  between  two  and  three  hundred  such  florets, 
each  perfect  in  itself,  that  is  having  its  corolla,  stamens,  pistil, 
and  fruit.  These  central  florets  are  termed  Jhreti  <^  the  disk,' 
in  them  the  floral  envelopes  are  but  little  developed,  whilst  the 
organs  essential  to  reproduction  are  complete.  On  the  other 
hand,  the  flat  leaflets  by  which  they  are  surrounded  are  called 
JhreU  of  the  ray^  firom  the  radiating  manner  in  which  they  are 
set  on  the  receptacle ;  in  them,  the  corolla  is  deyeloped  at  the 
expense  of  the  reproductive  organs,  one  or  both  sets  of  which  are 
usually  absent.  If  one  of  them  be  pulled  up  carefully  at  the 
end  by  which  it  was  fastened  to  the  flower,  it  will  be  seen  that  it 
is  not  flat  at  the  bottom,  as  it  b  at  the  top,  but  that  it  becomes 
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tubnlar ;  and  that  a  little  thread  ending  in  two  horns,  iaenes 
from  the  tube ;  this  thread  is  the  forked  style,  the  stamens  being 
here  deficient.  The  coloured  perianth  in  both  these  classes  of 
flowers  is  evidently  to  be  regarded  in  the  light  of  a  corolla ; 
where,  then,  is  the  calyx  ?  In  the  Daisy  none  is  to  be  fonnd ; 
but  in  the  Dandelion  and  many  other  Composite  plants,  we  may 
obserre  that,  on  rooting  up  each  floret  from  the  receptacle,  a  few 
little  narrow  hairy  scales  are  attached  to  their  lower  end,  form- 
ing a  sort  of  down ;  and  this  down  or  papptu  is  the  only  repre- 
sentative of  the  calyx.  We  shall  presently  see  that,  where  it 
is  present,  it  has  an  important  function  to  fulfil.  Below  the 
pappus  is  the  ovary,  which  is  one-celled,  and  contains  but  a 
single  ovule.  The  corolla  of  the  florets  of  the  disk  is  tubular 
from  the  bottom  to  the  top ;  at  the  top  it  widens,  and  is  cleft 
into  five  little  divisions,  indicating  that  it  consists  of  five  ad- 
herent petals.  The  style  terminates  in  two  stigmas,  which  pro- 
ject beyond  the  mouth  of  a  little  hollow  cylinder,  that  is  found 
at  the  orifice  of  the  flower.  This  cylinder,  when  examined  with 
a  magnifying  glass,  is  found  to  consist  of  the  anthers,  which 
adhere  together,  side  by  side,  so  as  to  form  a  tube ;  in  other 
respects  their  structure  does  not  differ  from  the  usual  character 
of  these  organs.  The  nature  of  this  cluster  of  flowers  may  be 
better  understood,  by  comparing  it  with  an  umbel,  of  which  the 
radiating  stalks  have  not  been  developed,  so  that  the  flowers 
which  should  be  borne  on  them  are  all  crowded  together  at  the 
summit  of  the  flower-stalk,  from  which  these  branches  would 
have  arisen.  The  firuit  of  each  flower  is  a  little  grain,  looking 
like  a  seed,  but  reaUy  consisting  of  a  seed  enclosed  within  the 
ovary.  When  the  downy  calyx  exists,  it  remains  attached  to 
this,  and  forms  a  feathery  plume,  by  which  it  is  wafted  through 
the  air;  and  thus  the  seed  is  diffused  and  scattered  by  the  wind. 
Every  child  who  blows  the  delicate  feathery  balls  of  the  Dande- 
lion, thus  assists  in  the  multiplication  of  the  plant ;  which  it  is 
very  difficult  to  eradicate,  when  once  it  has  gained  a  footing  in  a 
neglected  garden,  on  account  of  this  curious  provision. 

630.     This  order  is  one  of  very  great  extent,  containing  many 
thousand  species;  and  it  is  desirable  to  state  its  principal  sub* 
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divisions,  as  these  may  be  recognised  by  examining  the  com- 
monest British  species,  as  readily  as  may  the  characters  of  tlie 
order  itself.  Such  florets  as  exist  in  the  ray  of  the  Daisy,  Mari- 
gold, &o.,  are  technically  called  li^ulaU  or  strap-shaped,  from 
their  flattened  as- 
pect. Now  in  the  tj^f 
Dandelion  it  will  be 
found  that  both  the 
ray  and  the  disk  are 
composed  of  lignlate 
flowers,  to  the  en- 
tire exdasion  of  the 
tnbular  ones;  such 
plants  are  ranked 
in  a  group  named 


WCT?* 


Fm.  l6&-O0MroaTS  Funrns;  A,  ConTiOBvauB; 

B»  CiCHORACBA. 

Cicharaeea,  from  the  common  Ciohory  or 
Succory,  with  which 
they  all  agree  in 
possessing  a  milky 
juice ;  and  thia, 
when  concentrated, 
is  found  to  haTe 
narcotic  properties. 
This  group  contains 
a  large  number  of 
our  wild  flowers. 
From  these  will  easily  be  distinguished  the  group  of  Ciiurroo^- 
pkcdm  or  Thistle-headed  plants,  which  have,  like  the  Thistle, 
a  head  of  flowers^  composed  entirely  of  tubular  florets,  and 
of  an  almost  hemispherical  form;  these  are  further  distin- 
guished, for  the  most  part  at  least,  by  their  hard  and  spiny 
leayes.  To  this  section  belongs  the  Artiskoisey  which  is  cultivated 
f<^  the  table,  on  account  of  the  fleshiness  of  the  scales  or  bracts, 
which  form  the  involucrum ;  'the  fleshy  bottom  of  these  is  the 
receptacle ;  and  the  choke,  which  is  thrown  away,  is  a  collection 
of  florets,  separated  from  each  other  by  numerous  stiff  hairs. 
The  third  section  includes  those  Composite  plants,  which  oontab 
both  sorts  of  florets, — ^ligulate  ones  in  the  ray,  and  tubular  ones 
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in  the  disk ;  hence  they  are  called  Radiate  flowers  or  CorymH' 
fmrm.  It  sometimes  happens  that  no  ray  is  present ;  hut  the 
heads  of  tabalar  flowera  cannot  then  be  mistaken  for  those  of  the 
last  section,  since  the  florets  of  the  latter  are  very  wide-mouthed, 
and  spread  over  the  sides  of  the  involucrum,  the  bracts  of  which 
are  hard  and  spiny, — whilst  in  the  former  case,  the  tubular 
flowers  are  narrow  at  the  mouth,  and  are  not  longer  than  the 
scales  of  the  involucrum,  which  are  soft  and  leafy.  To  this 
Radiate  group  bdong  the  Sun-flowers,  Chamomiles,  Daisies, 
Marigolds,  Chroundsel,  Wormwood,  the  beautiful  tribe  of  Asters 
which  add  so  much  to  the  splendour  of  our  gardens,  and  thousands 
of  other  species. 

631 .  It  must  not  be  supposed  that  the  dustering  together  of 
the  florets  in  heads  is  so  essential  a  character  of  this  (urder,  that 
every  plant  in  which  it  exists  is  to  be  regarded  as  bdonging  to 
the  Compoeitfle.  The  contrary  is  the  fact;  for  although  no 
plants  of  this  order  have  other  than  composite  flowers,  there  are 
several  in  other  orders,  in  which  the  flowers  grow  in  heads.  The 
most  important  single  character  is  the  adhesion  of  the  anthers 
mto  a  tube ;  sudi  perfect  adhesion  presenting  itself  nowhere  etee. 
Upon  this  is  founded  the  Linn»an  name  of  the  group,  which 
corresponds  with  the  order  Composite, — the  class  Stnoenesia* 
In  the  whole  of  the  subdivision  C%chora£«B^  all  the  florets  are 
complete,  possessing  both  stamens  and  pistils ;  this  is  also  the 
igase  in  the  greater  number  of  the  Cinaroeephalaf;  and  the  plants 
having  this  character  were  arranged  by  Linnaus  into  the  order 
JEqwdiiy  from  the  equal  character  of  all  the  florets.  This  order 
ilso  includes  those  of  the  Corymbtferas  which  are  destitute  of  ray. 
On  the  other  hand,  in  the  remainder  of  the  Corymbiferas,  the 
florets  of  the  disk  only  are  perfect,  possessing  both  stamens  and 
pistils ;  and  those  of  the  ray  seem  to  have  the  corolla  developed 
at  the  expense  of  the  stamens,  which  are  absent :  all  the  flowers, 
however,  usually  bear  seed,  those  of  the  ray  being  fertilised  by 
the  pollen  of  those  of  the  disk.  This  division  was  named  by 
linnsdua  Superflua^  from  the  florets  of  the  ray  being  as  it  were 
superfluous.  In  the  common  Garden  Marigold  perfect  seeds  are 
produced  in  the  ray  only,  and  this  belongs  to  the  Linnsean  order, 
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N$oe$$ana,  Lastly,  there  are  a  few  of  the  CTnarocephaln  ia 
-which  the  florets  of  the  disk  are  perfect ;  whilst  those  around 
the  margin  are  larger  than  the  rest,  so  as  in  some  instances  to 
form  a  sort  of  raj  (being  still  tubular,  however,)  and  are  mtirely 
infertile.  These  are  termed  by  linnieus  FruitranM^  from  their 
incomplete  character. 

632.  It  is  chiefly  among  the  Radiate  group  of  this  order, 
that  those  species  exist,  which  are  valued  as  garden  plants ;  and 
cultivation  has  frequently  a  remarkable  efiect  on  them.  The 
corolla  of  the  florets  situated  towards  the  margin  of  the  disk 
midergoes  an  increased  development,  at  the  expense  of  the  tme 
reproductive  organs ;  and  they  are  changed  into  ligulate  florets, 
deficient  in  stamens,  and  exactly  resembling  those  of  the  n^. 
This  change  is  particularly  evident  in  the  Dahlia^  which  has 
repaid  the  attention  it  has  received,  by  a  greater  improvement 
in  the  aspect  of  its  flowers,  than  any  other  species,  perhaps,  has 
exhibited.  In  its  natural  condition,  it  possessed,  like  most  of 
its  group,  but  a  single  row  of  ligulate  florets ;  and  all  the  centre 
of  the  flower  was  occupied  by  the  ordinary  yellow  disk.  Under 
the  influence  of  a  rich  soil,  however,  the  number  of  rows  of  ligu- 
kte  florets  has  gradually  increased :  and  these  have  also  under- 
gone great  changes  in  regard  to  their  size,  elegance  of  form,  and 
beauty  and  variety  of  colour.  When  a  Dahlia  is  spoken  of  as 
eight)  ten,  or  twelve-bloomed,  it  is  meant  that  it  has  eight,  ten, 
or  twelve  rows  of  ligulate  florets.  In  its  highest  state  of  excel- 
lence as  a  garden  flower,  the  florets  of  the  disk  nearly  or  alto- 
gether disappear ;  and  the  smaller  the  «;^  (as  it  is  termed)  of 
the  Dahlia,  the  better  it  is  considered  to  be.  Such  flowers, 
however,  are  not  fertile, — ^that  is,  they  do  not  produce  ripe  seed; 
for  the  conversion  of  the  complete  florets  into  those  bearing  pistils 
only,  occasions  a  great  deficiency  of  pollen.  It  is  curious  to 
observe  the  change  which  will  be  produced  in  the  flower  of  a 
Dahlia,  if  a  root  of  the  best  kind  be  planted  in  a  poor  soil. 
There  will  be  an  eflbrt,  so  to  speak,  to  produce  a  large  number 
of  ligulate  florets ;  but  these  will  be  stunted  and  often  curioudy 
twisted ;  so  that  the  flower  is  even  less  handsome  and  regular 
than  that  of  a  much  poorer  kind.     The  Dahlia  is  a  native  of 
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Mexico ;  and  in  its  wild  state  it  is  a  bushy  herbaceous  plant, 
growing  to  the  height  of  about  seven  or  eight  feet^  with  flowers 
by  no  means  remarkable  for  tlieir  beauty.  It  was  introduced 
into  this  country  soon  afber  the  commencement  of  the  present 
century. 

633.  The  foregoing  general  account  of  the  structure  of  this 
remarkable  order,  is  all  that  the  limits  of  the  present  Treatise 
permit  to  be  given ;  a  few  remarks  will  now  be  added  on  its 
geographical  distribution,  its  properties,  and  uses.  The  order 
attains  its  greatest  development,  in  regard  to  the  size  of  the 
species  it  contains,  in  the  neighbourhood  of  the  Equator;  for 
whilst,  in  the  temperate  parts  of  the  world,  Composite  are 
entirely  herbaceous  plants,  those  of  Chili  are  bushes,  and  those 
of  St.  Helena  are  trees, — almost  the  only  ones  native  to  the 
island.  But  in  regard  to  number^  it  would  seem  that  they 
predominate  rather  in  temperate  regions,  especially  of  the  northern 
hemisphere,  whore  they  are  considered  as  forming  about  one-sixth 
of  the  whole  vegetation.  In  Britain,  about  140  species  of  them 
may  be  reckoned,  constituting  about  one-tenth  of  the  whole 
number  of  native  flowering-plants.  In  France  they  are  estimated 
at  about  one-seventh,  and  in  Germany  at  one-eighth ;  whilst  in 
Lapland  they  are  only  one-flfteenth.  In  Sicily  they  are  said  to 
constitute  more  than  half;  and  nearly  the  same  proportion  is 
found  in  some  parts  of  North  America.  In  the  north  of  New 
Holland,  on  the  other  hand,  the  proportion  is  not  more  than 
one-sixteenth ;  and  of  a  collection  of  plants  formed  upon  the 
western  coast  of  Africa,  it  did  not  exceed  one-twenty-third.  The 
Cichorace®  have  been  ascertained  to  be  more  abundant  in  cold 
regions,  and  the  Corymbifersd  in  hotter  ones. 

634.  In  considering  the  properties  of  the  order,  it  will  be 
necessary  to  advert  separately  to  each  of  its  subdivisions.  The 
Cichoracem  as  already  stated,  possess  a  milky  juice,  which  is 
bitter  and  astringent,  as  well  as  narcotic.  These  properties  are 
strongly  manifested  in  the  Laduca  Ptrosa  or  strong-scented 
Lettuce ;  for  the  juice,  when  concentrated,  has  narcotic  effects 
sufficiently  powerful  to  enable  it  to  be  used  for  the  purpose  of 
procuring  sleep,  instead  of  opium ;  and  the  cells  or  vessels  in 
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which  it  is  contained,  we  so  irritable  at  the  tine  of  flowering, 
that,  if  the  sarfiace  be  tonched,  the  jnice  is  forced  oot  at  the  point. 
By  proper  cultiration,  however,  the  injurious  propmrtier  may  be 
so  far  removed  from  several  species  of  this  group,  such  as  the 
Lettuce,  £ndive,  and  Succory,  that  their  fleshy  stalks  and  leaves 
become  wholesome  articles  of  food.  The  roots,  also,  have  often 
a  considerable  tendency  to  become  fleshy,  and  may  be  generally 
eaten  without  dang^.  Those  of  the  Succory  are  much  used  oa 
the  Continent,  when  roasted,  as  a  substitute  for  Coffee ;  and  their 
powder  is  very  commonly  mixed  with  it,  being  considered  by 
many  persons  to  improve  its  flavour.  The  roots  of  the  Scono- 
nera  and  Tragopogon  are  known  under  the  name  of  Salsafy,  and 
are  cultivated  for  the  table  in  some  places  to  a  great  extent ;  they 
are  said  to  resemble  those  of  Carrots  and  Parsnips  in  flavour. 
The  roots  of  the  Dandelion  are  used  in  Germany  for  the  same 
purpose  as  those  of  the  Succory ;  but  in  this  country  they  are 
more  employed  for  medicinal  purposes,  the  extract  prepared  from 
them  being  considered  by  many  as  a  useful  tonic,  promoting  also 
the  various  secretions.  In  common  with  many  other  plants  of 
this  tribe,  its  leaves  and  stems  are  believed  to  be  an  excellent 
food  for  cows,  promoting  the  secretion  of  milk  to  a  great  degree. 

635.  In  the  Cinatoe^phaUB^  bitterness  predominates ;  and  the 
principle  to  which  it  is  due  is  generally  mixed  with  gum,  whidi 
is  sometimes  yielded  by  the  plants  of  this  group  in  great  abun- 
dance. This  bitterness  is  not  found,  however,  in  the  nnexpanded 
leaves,  or  in  the  receptacles  of  the  flower-buds ;  on  which  account 
they  may  in  many  cases  be  used  as  wholesome  articles  of  food. 
This  is  the  case  with  the  Cardoon,  the  Artichoke,  and  several 
other  species.  The  roots,  also,  of  many  species  are  edible.  The 
flowers  of  several  species  yield  a  yellow  dye,  which  is  most 
powerful  in  the  Carthamm  Hnetoritu  ;  this  plant  is  supplied  from 
the  Levant,  and  is  often  used  to  adulterate  Saffron,  as  well  as  to 
tinge  silk  and  cotton  goods. 

636.  In  the  Cavymbi/ertBy  the  bitterness  common  to  all  the 
Oompositso,  is  combined  with  a  resinous  principle  of  stimulating 
character,  which  exists,  however,  in  very  difierent  proportions  in 
the  various  species.   Few  supply  articles  of  food ;  almost  the  only 
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species  of  which  any  part  is  eaten  being  a  kind  of  Sun-flower, 
of  which  the  root  is  known  nnd^  the  name  of  the  Jemsalem 
Artichoke*  The  former  part  of  the  name  is  a  cormption  of  the 
Italian  GWatoUy  which  means  **  turning  towards  the  sun."  The 
seeds  of  the  common  Sun-flower  are  a  nutritious  food  for  poultry, 
and  they  are  made  into  cakes  by  the  North  American  Indians;  a 
large  quantity  of  a  fixed  oil  may  be  extracted  from  them  (§.  371). 
The  roots  of  the  Dahlia  are  fleshy,  but  their  taste  is  yery  dis- 
agreeable. Of  the  medicinal  properties  of  this  group,  those  of 
the  common  Chamomile,  which  is  in  repute  as  a  tonic  and 
stomachic,  are  a  good  illustration ;  but  there  are  many  species  in 
which  the  bitter,  the  resinous,  or  the  astringent  properties  are 
more  predominant,  and  which  have,  therefore,  their  respectively 
peculiar  uses. 

637.  Quitting  this  extensive  and  important  order,  we  next 
proceed  to  one  which  appears  very  different,  but  which  has,  never- 
theless several  points  of  affinity  with  it ;  this  is  the  order  Cam- 
PANULACKB,  or  Uoirbell  tribe,  an  extensive  group,  of  which  the 
species  are  scattered  all  over  Europe,  and  in  the  cooler  partsfc  of 
Asia  and  America,  dwelling  in  dells  and  dingles,  by  the  banks 
of  rivers,  in  shady  groves,  and  on  the  sides  of  mountains.  The 
British  species  are  humble  plants,  bedecked  with  no  other  orna- 
ment than  a  few  blue  or  purple  nodding  flowers ;  but  in  many 
foreign  countries  there  are  species  of  great  brilliancy  and  rich- 
ness of  appearance,  which 


are  more  striking  from 

the    barren    nature    of 

the  situations  in  which 

they  usually  grow.   The 

genus  Campanula  is  so 

named  from  the  MMike 

form  of  its  corolla ;    to 

which  the    latter    part 

of  its  common   English 

name — Hairbell  —  also 

refers.     Of  this  genus  alone  there  are  eight  species  in  Britain, 

any  one  of  which  may  be  selected  for  examination.    The  calyx 
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in  thiB  order  consists  of  five  adherent  sepals,  which  enclose  the 
ovarium,  and  then  spread  away  from  the  top  of  it.  The  corolla 
has  very  much  the  figure  of  a  bell,  sare  that  it  is  marked  by  fiye 
divisions  at  its  edge,  which  show  it  to  be  made  up  of  five  petals  ; 
and  it  is  veined  in  a  very  beautiful  manner.  From  its  base,  and 
consequently  firom  the  summit  of  the  ovary,  there  spring  five 
stamens,  whose  filaments  are  broad  and  leaf-like  at  the  base,  and 
curve  inwards,  so  as  to  press  the  long  narrow  anthers  against 
the  style,  around  which  they  cluster  in  the  unblown  flower  almost 
as  do  the  adherent  anthers  of  the  Compositce ;  as  soon  as  the 
flower  unfolds,  however,  the  anthers  shrivel  and  fall  back.  The 
style  is  a  taper  stiff  column  longer  than  the  stamens.  It  is 
covered  all  over,  to  the  very  tips  of  the  stigma,  with  stiff  hairs, 
which  Nature  has  provided  to  sweep  the  pollen  out  of  the  cells  of 
the  anthers,  as  the  style  passes  through  them  in  lengthening.  If 
it  were  not  for  this  simple  but  effectual  contrivance,  the  pollen, 
which  is  set  free  by  the  bursting  of  the  anthers  as  soon  as  the 
flower  opens,  would  drop  out  of  the  nodding  flowers,  and  be  lost, 
before  the  stigma  is  expanded  and  ready  to  receive  the  fertilising 
influence.  The  hairs  of  the  style  catch  the  poUen,  and  keep  it, 
nntil,  by  the  agency  of  insects,  by  wind,  or  by  other  accidents, 
it  is  brushed  down  upon  the  inverted  stigmas.  Many  Cichora- 
oese  are  also  furnished  with  these  collecting  hairs,  which  ihos 
constitute  another  point  of  alliance  between  tibe  two  groups ;  this 
alliance  seems  the  strongest  in  some  species  of  OampannlaoeiB 
which  have  the  flowers  crowded  together  in  heads. 

638.  On  examining  the  ovarium  of  the  Hairbell,  we  find  tliat 
it  contains  three  cells  surrounding  a  central  axis ;  and  that  in 
each  cell  there  is  a  large  fleshy  receptacle,  to  which  a  great 
number  of  minute  ovules  are  attached.  After  these  have  been 
fertilised,  and  the  rest  of  the  flower  has  withered,  the  calyx  still 
remains,  inclosing  the  ovarium,  and  its  sepals  harden  and  enlarge; 
stout  ribs  appear  in  the  ovarium ;  and  the  whole  fruit,  in  ripen- 
ing, becomes  dry,  brown,  and  hard.  In  most  of  the  order,  the 
capsule  opens  in  the  usual  manner ;  but  in  the  genus  Campanula 
the  mode  is  different.  On  looking  at  the  top  of  the  ovary 
between  the  sepals, — the  point  at  which  the  separation  of  the 
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carpels  generally  commences, — that  part  is  found  to  be  even 
tongher  than  the  sides ;  but  Nature  has  provided  another  very 
simple  means  for  the  exit  of  the  fruit,  by  the  rending  of  the  ova- 
rium  (when  every  part  of  it  becomes  stretched  so  tight  in  drying, 
that  some  part  of  it  must  necessarily  give  way)  at  its  sides, 
between  the  ribs,  where  the  skin  is  weakest.  The  rent  takes 
place  in  such  a  manner,  as  to  leave  a  large  orifice  to  each  cell, 
through  which  the  seeds  are  readily  scattered. 

639.  A  large  proportion  of  the  plants  of  the  Hairbell  tribe 
are  as  harmless  as  they  are  beautiful ;  the  roots  of  some  species 
are  eaten  under  the  name  of  Rampion  ;  the  leaves  of  others  are 
used  in  Salads ;  and  the  bells  afford  an  abundant  supply  of  honey 
to  the  Bee.  The  stem  and  roots  abound  in  a  milky  juice  (another 
character  of  alliance  to  the  Cichoracese),  which  does  not  possess 
any  deleterious  properties.  There  is  a  subdivision  of  the  group, 
however,  of  which  a  separate  order  has  been  formed  by  some 
Botanists  under  the  name  of  LobdiacetBy  the  Lobelia  tribe,  which 
is  distinguished  for  its  extreme  acridity.  The  species  belonging 
to  it  are  known  by  the  irregular  form  of  their  corolla,  which  has 
some  resemblance  to  the  ligulate  florets  of  the  Composite ;  and 
also  by  the  partial  cohesion  of  their  anthers ;  so  that  they 
approach  the  Compositce  still  more  decidedly  than  do  the  true 
Campanulace®.  A  character  of  much  interest  (which,  however, 
can  only  be  distinguished  with  the  aid  of  the  microscope)  is,  that 
in  the  true  CampantUacecB  the  pollen  grains  are  round,  whilst  in 
the  LobeliacecB  they  are  oval.  The  plants  of  the  latter  group  are 
most  abundant  in  countries  bordering  on  the  tropics.  Only  two 
species  are  natives  of  England ;  but  many  more  have  been  intro- 
duced into  our  gardens,  where  they  are  valued  on  account  of  the 
beauty  of  their  flowers.  One  species,  the  Lobelia  in/UUa^  a  native 
of  North  America,  has  been  used  in  medicine  as  an  emetic  and 
expectorant,  and  has  been  accounted  a  most  important  remedy 
for  Asthma;  it  is  very  uncertain,  however,  in  its  effects,  and 
has  produced  fatal  consequences  when  given  in  an  overdose. 

640.  The  last  order  of  Calycifloral  Exogens  which  vrill  be 
here  noticed,  is  that  of  Erioinejs,  the  Heath  tribe,  a  group  of 
extreme  beauty,  which  is  easily  recognised  by  certain  peculiari- 


Digitized  by  VjOOQ IC 


468 


BBATH   TRIBE. 


Fio.  lyiy— Diagram  or  flowba  or  Rkicejk. 


ties  that  disttngaish  it  from  all  others.  Of  the  common  Heaths, 
the  general  aspect  is  known  to  every  one ;  hut  there  are  many 
species  far  surpassing  these  in  size,  and  differiDg  so  much  in 
appearance,  that  they  would  not  he  associated  with  them  by  an 
unpractised  Botanist.  The  true  Heaths  are  most  ahundant  at 
tue  Cape  of  Good  Hope,  where  immense  tracts  are  covered  with 

them,  and  from  which 
roost  of  those  exqui- 
sitely- beautiful  spe- 
cies, which  are  che- 
rished in  our  gardens 
and  green-houaea,  are 
derived.  Their  co- 
rolla might  be  likened 
to  that  of  Campanu- 
laceae;  but  the  posi- 
tion of  it  is  different;  for  both  calyx  and  corolla  are  here 
beneath  the  ovarium,  which  is  consequently  superior.  The 
calyx,is  usually  small,  and  is  cleft  at  the  edge  by  four  notches, 
which  indicate  that  it  is  composed  of  that  number  of  adheroit 
sepals.  The  corolla  is  a  tube,  sometimes  swelling  out  into  a 
little  globe,  with  four  short  teeth  at  the  end,  showing  that  this 
is  composed  of  four  petals,  united  up  to  their  points.  Arising 
from  beneath  the  ovarium,  and  scarcely  attached  to  the  corolla, 
there  are  eight  stamens,  whose  anthers  are  purple,  and  their  two 
lobes  separated  towards  their  points  like  the  prongs  of  a  fork  ; 
the  anther-lobes,  instead  of  bursting  in  the  usual  manner,  open 
hy  pores  or  minute  apertures  at  their  extremities, — a  character 
which  is  peculiar  to  the  Heath  tribe,  and  marks  every  member 
of  it.  The  ovary  contains  four  cells,  each  including  a  great 
many  ovules ;  it  bears  a  single  style,  having  a  flat  purple 
stigma,  with  four  little  projections  upon  it.  This  in  time 
changes  to  a  dry  capsule  that  bursts  by  valves,  scattering  an 
immense  multitude  of  seeds  almost  as  minute  as  grains  of  sand ; 
and  these  are  frequently  provided  with  little  crests  or  fringes, 
which  enable  the  wind  to  catch  and  disperse  them,  and  are  tech- 
nically called  wings. 
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64 1.  The  foregoing  description  applies  especially  to  the  true 
Heathg :  there  are  many  other  species  belonging  to  the  order, 
which  present  several  variations  from  it  For  example,  the 
calyx  and  corolla  may  be  formed  of  five  pieces,  instead  of  four ; 
the  number  of  stamens  may  be  equal  to  that  of  the  petals, 
instead  of  double ;  and  the  number  of  cells  in  the  ovary  is  vari- 
able. The  essential  characters  of  the  order  are  the  hypogynous 
stamens,  and  the  opening  of  the  anthers  by  pores.  To  this  group 
belong  the  RAododmdront^  KcUmiaty  and  Azaleas^  which  are 
now  so  abundant  in  our  gardens ;  giving  them  cheerfulness,  by 
their  evergreen  'Aspect,  even  in  the  depths  of  winter;  and 
making  them  gay,  with  their  beautiful  blossoms,  through  the 
warmer  parts  of  the  year.  The  two  former  are  natives  of  Ame- 
rica ;  the  latter  comes  from  Asia  Minor ;  but  they  are  now  all 
naturalised  in  this  country,  though  liable  to  injury  from  the 
cold  of  winter,  unless  they  are  planted  in  sheltered  situations. 
The  Rhododendrons  and  Azaleas  differ  from  the  rest  of  the 
group  in  the  irregularity  of  the  corolla,  which  has  unequal  divi- 
sions and  spreads  open  at  the  mouth ;  the  stamens,  too,  are  bent 
towards  one  side.  Tlie  Kalmia  is  remarkable  for  the  manner  in 
which  the  stamens  are  held  down  by  the  corolla,  until  the 
pollen  is  ready  to  be  shed ;  the  filaments  are  ciurved  outwards, 
away  from  the  pistil ;  and  the  anthers  are  lodged  as  it  were  in 
little  niches  in  the  corolla,  by  which  they  are  held,  until  the 
complete  expansion  of  the  flower,  or  any  cause  (such  as  the  con- 
tact of  insects)  which  gives  the  filaments  a  slight  movement, 
sets  them  free,  and  they  rise  up  with  a  spring,  scattering  the 
pollen  on  the  stigma. 

642.  To  what  has  already  been  stated  of  the  geographical 
distribution  of  this  order,  it  may  be  added  that  it  is  not  abun- 
dant in  Asia,  and  that  it  is  almost  unknown  in  Australia, 
where,  however,  its  place  is  supplied  by  another,  which  differs 
from  it  in  little  but  the  structure  of  the  anther.  The  general 
quality  of  the  group  is  astringency;  and  several  species  have 
been  used  in  medicine.  Many  species  have  succulent  berries  for 
fruit,  which  may  be  used  as  food ;  this  is  the  case  with  the 
Arbutus,  sometimes   called  Strawberry  tree,  from  the  flavour 
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and  appeantnoe  of  its  berry,  from  which  an  agreeable  wine  ia 
laid  to  be  prepared  in  Ck>r8ica.  The  Rhododendrons,  Ag^Jp^y^ 
and  Kalmias,  however,  possess  more  active  properties  than  the 
rest,  and  are  decidedly  poisonous  to  Man.  The  honey  which  is 
made  from  their  flowers  has  proved  extremely  deleterions  to 
those  who  have  eaten  of  it ;  and  it  has  been  said  that  the  flesh 
of  Birds,  that  have  fed  on  the  buds  of  the  Kalmia,  becomes 
alike  injurious. 

643.  The  following  tabular  arrangement  of  the  chief  British 
orders  that  have  been  described  in  this  sub-class,  will  assist  the 
student  in  distiDguishing  them. 


Sub-class  II.-«-CALYCIFL0R^. 

Sepals  of  calyx  adherent  into  a  cup  or  tube.  Calyx  united  to 
the  disk.  Petals  and  stamens  apparently  springing  from  the 
calyx. 

A.  Petals  of  corolla  dittioct,  or  nearly  so. 

a,  Carpels  disUnct,  or  bat  slightly  adherent, 
each  having  its  stjle  and  stigma, 
0,  With  stipules. 

Garpels  numerous     ....         Rosaeea,  593 

Carpels  solitary  .        ...         Leyuminotm,      586 

fit  Without  stipulea. 

Vegetation  succulent  .        .         Crastuhoea,      609 

Vegetation  not  succulent   .         .     .         Stue^fragtm,        6i5 
6,  Carpels  completely  united. 
a,  Ovary  superior. 

Stamens  opposite  the  petals  Rhamnem^  583 

Stamens  alternate  with  the  petals  .     .         Celaairinea^       582 
j9,  Ovary  inferior. 

Ovary  l-celled         ....         Groitularem,      613 
Ovary  2^Ued  ....         UmbeUtferm,       617 

Ovary  4-celled         ....         Onagrariaoem,    599 
B.*  Petals  cohering  into  a  tube,  to  a  greater  or  less  extent. 
a,  Ovary  inferior. 

•  This  division,  with  the  exception  of  Cncurbitacee,  is  placed  by  many  Bota- 
nists who  adopt  Do  CandoUe's  system,  in  the  next  clsas.  With  the  exception  of 
the  last  order,  Ericine«,  which  is  easily  distinguished  from  all  others,  oy  tiM 
mode  of  opening  of  its  anthers,  thoy  are  at  once  known  from  the  Monopetaloua 
orders  of  die  next  sub^class,  by  their  inferior  ovarium. 
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a«  Ortrj  1 -celled. 

Seeds  ringle— Fruit  dry         .     . 
Fruit  succulent          .         • 

Cueurbitaeem, 
Loranthemy 

606 
629 
621 

6,  Otirj  2  or  more^lled. 

Learet  oppodte             .         .     . 
Lcftvee  Terticillate    (in    all   the 

CaprifoHacea, 

623 

British  tpeciet)     . 

Rubiaeem, 

624 

Leaves  alternate                    .     . 
b,  Ovary  superior 

Campanulaeeay 
Erieinemy 

637 
640 

8ub<<;la8s  III.— COROLLIFLOR^. 

644.  The  members  of  this  diyision  are  easily  distiDguished 
from  the  foregoing,  by  attention  to  the  following  particulars. 
The  calyx  and  corolla  are  each  formed  in  one  piece, — that  is, 
the  sepals  and  petals  are  adherent  at  their  edges ;  but  they  are 
quite  distinct  from  each  other,  and  from  the  ovarium,  which  is 
consequently  always  superior  (save  in  a  few  exceptions).  The 
stamens  are  adherent  to  the  base  of  the  corolla,  and,  as  it  were, 
inserted  into  it.  The  only  one  of  the  foregoing  orders  to  which 
these  characters  apply,  is  the  Heath  tribe,  which  connects  the 
preceding  sub-class  with  this  one,  serving  as  an  illustration  of 
the  general  principle  formerly  mentioned, — ^that,  in  any  Natural 
arrangment,  such  links  must  occur,  the  true  place  of  which  may 
be  doubtful. 

645.  The  first  order  in  this  sub-class,  although  of  small  im- 
portance, may  yet  be  briefly  noticed,  because  every  one  is  familiar 
with  some  species  of  it,  which  will  serve  as  an  illustration  of  the 
general  structure  of  the  group.  This  is  the  order  Pbimulacbjb, 
or  Primrois  tribe,  the  flowers  of  which  are  easily  described. 
The  Calyx  is  formed  of  one  piece,  cleft  most  commonly  into  five 
teeth,  however,  at  the  edges,  indicating  that  it  is  composed  of 
five  adherent  sepals ;  and  a  division  of  the  same  sort  presents 
itself  in  the  corolla,  which  has  generaUy  a  rather  long  tube. 
On  drawing  away  the  latter,  in  the  common  Primrose,  Cowslip, 
or  Polyanthus,  the  stamens  will  come  away  with  it ;  and  on 
counting  them,  it  will  be  found  that  they  are  equal  in  number  to 
the  divisions  of  the  corolla,  but  are  oppotiu  to  them,  indicating 
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that  there  is  a  whorl  deficient.  This  whorl  is  distinguishable  io 
the  genus  Samolut^  or  Water  Pimpernel  (§.  465).  The  oyariam 
consists  of  but  one  cell,  the  placenta  being  central,  and  the  par- 
titions not  being  developed ;  it  contains  a  large  number  of 
OTulee.    The  style  and  stigma  are  single. 

646.  The  great  uniformity  of  these  characters  occasions  the 
largest  part  of  the  order  to  be  included  in  the  Linnasan  dass  and 
order  Pentakdria  Monopynia;  and  here  we  meet  with  seyeral 
genera  well  known  in  Britain.  Besides  the  Primrose,  Cowslip, 
Ozlip,  and  Polyanthus, — which,  it  is  said,  may  all  grow  from 
the  same  root,  or  be  raised  from  the  seeds  of  the  same  flower, 
thus  riu>wing  them  to  be  altered  forms  of  the  same  species, — 
there  is  the  AnagaUi$  or  Pimpernel,  commonly  termed  the  Poor- 
man's  weather-glass,  from  its  property  of  dosing  on  the  approach 
of  a  storm, — the  Lytimachia^  or  Loose-strife,  inhabiting  moist 
places, — and  the  Cyclamen^  or  Sow-bread,  so  named  beoimse  its 
iub<>rous  roots,  notwithstanding  their  very  acrid  character,  are 
eagerly  devoured  by  swine.  This  last  plant  is  abundant  in 
Sicily,  and  is  the  chief  food  of  the  wild-boars  of  the  island.  The 
group  is  extensively  diffused  over  the  globe,  but  is  most  abundant 
in  northern  and  in  mountainous  countries ;  it  is  only  cultivated 
for  ornament,  as  it  does  not  possess  any  properties  which  make 
it  otherwise  useful  to  man.  It  is  interesting  to  remark  that  the 
genus  Samolus,  having  the  perianth  adherent  to  the  ovary 
(which  is  consequently Aa^-tfi/W*for),  is  an  aberrant  form  ( §.  503) 
of  the  order,  which  leads  us  back  into  the  preceding  group. 
The  difference  is  considered  one  of  such  importance,  that,  if  it 
were  presented  by  a  greater  number  of  Plants  (of  the  Sa- 
molus only  two  species  are  known),  they  would  be  formed 
into  a  separate  order. 

647.  The  next  order  to  be  mentioned  is  one  of  more  direct 
utility  to  man;  this  is  the  order  Olbaoea  or  Olive  tribe,  of 
which  some  species  inhabit  England,  although  it  is  found  most 
abundantly  in  the  South  of  Europe.  Instead  of  being  humble 
and  insignificant  plants,  the  members  of  this  order  are  always 
either  trees  or  shrubs,  and  sometimes  attain  considerable  sise 
and  beauty ;  such  are  the  Ash  and  the  Lilac.     One  of  the 
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most  common  of  the  British  species  is  the  Privet,  the  fructification 
of  which  may  be  taken  as  an  illustration  of  that  of  the  order. 
The  calyx  is  a  four-toothed  cup ;  and  the  corolla  is  formed  oi 
the  same  number  of  petab,  adberent  at  thoir  lower  part  into  a 
tube-j  within  which  are  two  stamena*  The  existence  of  only  two 
itamcns  within  a  regular  monopetalous  caraHa,  is  a  character 
which  19  nearly  peculiar  to  this  order,  being  shared  witli  it  duly 
^y  the  Jasmine  tribe.  The  ovary  contains  two  cells  ;  and  from 
the  top  of' each  Imng  down  two  ovules.  The  style  is  single,  and 
is  terminated  by  a  two-lobe d  atigtna.  The  ovary  changes  in 
ripening  into  a  small  round  succulent  frnit  or  berry,  containing 
but  one  seed,  the  otliera  not  having  been  developed.  Tliese 
are  the  general  eharaetera  of  the  Olive  tribe ;  but  tiicre  are  some 
remarkable  exceptions^  Tho  Ash,  for  example,  is  placed  in  this 
tribe,  al though  it  is  destitute  of  corolla ;  for  although  this  cha- 
racter would,  if  taken  alone,  cause  a  place  to  be  assigned  to  it 
in  the  next  ^uVelaes,  rather  than  in  this,  yet  when  it  is  remem- 
bered that  the  fmtural  system  is  founded,  not  upon  one  or  two 
characters  only,  but  upon  gmGnd  conformity j  it  will  be  seen 
that  the  proper  place  of  the  Ash  is  in  this  order,  since  it  agrees 
wnth  the  Olive  in  every  important  particular^  except  the  absence 
of  the  corolla.  A  curious  circumstance,  which  unef^ui vocally 
proves  their  near  relationship,  is  that  the  Ash  and  the  Olivo  wiU 
graft  very  well  together. 

€48,  The  moat  important  species  of  this  order  is  undoubtedly 
the  OliTe,  the  extensive  cultivation  of  which  in  warm  countries, 
on  account  of  the  oil  yielded  by  its  fruit,  has  been  already 
noticed.  The  wood  of  the  Olivo  is  beautifully  veined  and  takes 
a  high  polish  ;  and  having  atsij  an  agreeable  smelt,  it  is  much 
esteemed  for  ornamental  work.  Tlie  Ash  is  one  of  the  most 
valuable  of  trees;  both  on  account  of  tho  number  of  useful  pur- 
poses to  which  its  wood  is  applied  ;  and  because  it  flourishes  \n 
a  greater  variety  of  soil  and  situation,  than  any  other  tree  pro- 
ducing equally  good  timber.  It  diflfers  too,  from  most  other 
trecfl  in  this,— that  its  value  is  increased,  rather  than  diminished^ 
bv  the  rapidity  of  its  growth.  The  wood  of  the  Ash  is  chiefly 
dijsitingtiished  by  its  elasticity  i  so  that,  although  much  less  tough 
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than  that  of  the  Oak,  and  more  easily  split,  it  is  not  so  readily 
broken  by  a  croes  strain.  It  is  therefore  of  great  nae  for  agri- 
cultural and  other  implements ;  nothing  being  equal  to  it  for 
poles,  ladders,  long  handles,  and  other  purposes,  in  which  strength 
and  elasticity  are  required  in  combination  with  ligbineas.  The 
Ash  seldom  attains  any  great  size  as  a  forest  tree ;  and  it  is  not 
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of  consequence  that  it  should,  as  the  wood  of  moderately-old  trees 
is  the  most  serviceable.  It  is  one  of  the  most  elegant,  however, 
of  forest-trees;  being  peculiarly  distinguished  by  its  lightness 
and  gracefiilness  of  aspect.  Allied  to  the  Ash,  but  possessiog  ft 
corolla,  is  the  Manna-ash,  which  (in  common  with  other  species) 
yields  that  peculiar  exudation,  consisting  of  sugar  mixed  up 
with  a  purgative  principle,  known  in  medicine  under  the  Dame 
of  Manna.  This  is  brought  to  England  chiefly  from  the  South 
of  Italy;  and  it  is  principally  employed  as  an  aperient  fo^ 
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children,  wlio  are  attracted  by  its  sweet  taste.  The  leaves  of  the 
common  Ash  are  said  to  have  similar  properties ;  and  its  bark, 
which  is  bitter,  has  been  substituted  for  Cinchona  bark  in  feyers. 
A  remarkable  Ccict  respecting  the  Ash,  which  seems  to  show  that 
the  secretions  of  its  leayes  are  injurious  to  other  plants,  is,  that 
its  drip^ — that  is,  the  rain  that  drops  from  its  branches,<*4renders 
the  ground  unproductive  around  it. 

649.  Nearly  allied  to  the  Olive  tribe  is  the  small  order 
Jasmineje  or  Je$9amine  tribe,  a  group  of  elegant  and  fragrant 
trailing  shrubs,  which  differs  but  little  from  the  precedmg  order. 
The  divisions  of  the  corolla  are  five  or  more  instead  of  four ;  and 
the  petals  are  imbricated,  or  fold  over  each  other,  before  ex- 
panding, instead  of  having  their  edges  in  contact  as  in  Oleaceso. 
Moreover,  the  seeds  rise  up  from  the  bottom  of  the  ovarium, 
instead  of  hanging  down  from  its  summit.  The  Jasmines  are 
most  abundant,  and  attain  their  greatest  fragrancy  in  tropical 
climates;  the  species  which  is  cultivated  in  this  country  is 
not  a  native  of  Britain,  but  has  been  imported  from  the  south  of 
Europe. 

650.  The  Order  to  be  next  adverted  to  is  that  of  OESTiAimM^ 
the  Gentian  tribe,  which  is  distinguished  by  the  vividness  of  the 
colours  of  its  flowers,  and  the  extreme  neatness  of  the  aspect  of 
the  foliage.  This  tribe  may  be  known  from  all  other  Monope- 
talous  Exogens,  by  the  structure  of  its  leaves,  which  are  opposite 
each  other  on  the  stem,  and  have  two,  four,  or  more  strong  veins, 
parallel  with  the  midrib.  The  Gentians  have  a  regular  corolla, 
formed,  like  the  calyx,  by  the  partial  union  of  (most  commonly) 
five  divisions ;  it  has  somewhat  of  the  plaited  appearance,  which 
is  observed  in  the  Convolvulacen.  The  stamens  are  equal  in 
number  to  the  segments  of  the  corolla;  the  ovary  is  imperfectly 
two-celled,  containing  a  large  number  of  seeds;  the  style  is 
single,  but  the  stigma  is  two-lobed.  The  fruit  ripens  into  a  dry 
capsule  with  two  valves.  The  tribe  is  not  a  very  extensive  one ; 
and  the  principal  part  of  it  is  met  with  in  South  America. 
Tliere  are  some  hardy  species,  which  abound  over  the  milder 
and  more  elevated  districts  of  Southern  Europe  and  Asia; 
covering  the  sides  of  hills  with  blossoms  of  such  intense  bril^ 
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lianoy^  that  the  eye  can  scaroely  rest  upon  them.  Several  genera 
of  this  order  are  common  in  Britun ;  the  chief  are  the  Gentian, 
and  the  Centaury.  The  whole  order  is  characterised  hy  the 
presence  of  a  very  hitter  principle,  which  exists  in  the  leaves, 
flowers,  hark,  and  roots ;  this  is  much  valued  in  medicine  as  a 
tonic. 

65 1 .  Another  well-known  ord^.  chiefly  important  on  accoont 
of  the  valuable  medidnal  products  which  it  yields,  is  that  of 
CoKVOLTOLACELB,  the  Convolvului  or  Bindwsed  tribe.  The  species 
with  which  we  are  fiamiliar  in  this  country,  are  for  the  most  pari 
trailing  plants,  depending  for  support  upon  others ;  but  between 
tiie  tropics,  where  the  order  especially  abounds,  we  find  it  con- 
taining  also  standard  shrubs  and  even  trees.  The  calyx  and 
corolla  in  Ibis  order  each  consist  of  five  divisions;  the  sepak 
usually  overlie  each  other  so  completely,  however,  that  only  the 
two  outer  ones  can  be  distinguished.  Very  commonly  the  petals 
are  so  completely  adherent,  that  they  do  not  separate  even  at 
their  extremities ;  this  we  notice  in  the  common  Bindweed  of 
our  hedges.  This  order  is  remarkable  for  the  ciirious  plaiimff 
into  which  the  corolla  folds  when  it  closes.  In  most  species  it 
opens  and  closes  under  the  influence  either  of  light  or  of  dark- 
ness,— some  opening  only  in  the  day,  and  others  only  at  night ; 
and  there  is  one  curious  species,  in  which  the  flowers  are  so  sen- 
sitive as  to  contract  beneath  the  touch,  like  the  leaves  of  the 
Sensitive  plant.  The  stamens  are  five  in  number,  and  are  oppo- 
site to  the  sepals  of  the  calyx.  The  ovarium  usually  contains 
three  or  four  cells,  in  each  of  which  there  are  but  one  or  two 
ovules ;  the  style  is  single,  but  divides  into  two  stigmas.  The 
fruit  b  a  capsule,  opening  by  valves  equal  in  number  to  the  divi- 
mons  of  the  ovarium.  The  form  of  the  embryo  is  curious,  and 
serves  to  distinguish  this  order  from  others  that  are  nearly  allied 
to  it  in  the  preceding  characters ;  it  is  doubled  up  in  a  remark- 
able manner,  as  if  there  were  not  room  within  the  seed  for  it  to 
grow ;  and  the  cotyledons  are  small  and  shrivelled,  being  occa- 
sionally altogether  absent.  The  greater  number  of  species  may 
also  be  distinguished  from  other  monopetalous  plants,  by  their 
milky  juices ;  but  this  character  is  less  apparent  in  the  annual 
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species  of  temperate  dimates,  which  aeem  as  if  they  hod  not  time 
to  elab<»rate  them,  than  in  those  which  increase  from  year  to  year, 
and  f(Nrm  woody  roots  and  stems. 

652.  It  is  among  these  last,  that  the  peculiar  characters  of 
the  order  chiefly  manifest  themseWes.  They  form  an  acrid  resi^ 
noos  matter,  possessing  active  pargative  properties.  This  is 
especially  abundant  in  the  roots  and  rhizomas ;  and  it  is  obtained 
from  several  species  for  medicinal  purposes.  The  resinous  ex- 
tract known  as  Seammony^  is  the  milky  juice,  obtained  from  a 
species  that  grows  in  the  countries  bordering  on  the  Levant,  and 
hardened  by  exposure  to  the  air.  The  high  price  of  this  drug 
partly  depends  upon  the  heavy  duty  to  which  it  is  subjected ; 
and  it  is  one  extremely  liable  to  adulteration.  The  drug  known 
as  Jak^  is  the  powdered  root  of  an  American  species,  from  which 
also  a  resinous  extract  might  be  obtained ;  but  *the  active  prin- 
ciple exists  so  largely  in  the  roots,  that  there*  is  no  necessity  for 
thus  concentrating  it.  When  administered  in  proper  doses,  it  is 
a  safe  as  well  as  active  medicine  ;  it  is  also  a  very  cheap  one ; 
and  a  very  large  quantity  of  it  is  accordingly  consumed  in  this 
country, — ^between  2  and  300,000  lbs.  being  annually  imported, 
chiefly  from  Vera  Cruz.  The  common  Bindweed  of  this  coun- 
tiy  has  similar  properties  in  a  less  degree.  There  are  some 
species  of  Convolvulus,  however,  which  form  a  large  fleshy  root; 
and  the  resin  contained  in  this  exists  in  such  small  proportion  to 
the  starch,  that  it  forms  a  harmless  and  nutritious  article  of  food. 
These  roots  are  known  in  tropical  countries  (in  some  of  which 
they  are  much  employed)  under  the  name  of  Stoeei  Potatoes. 
The  leaves  and  young  shoots  of  these  may  also  be  eaten  as 
pot-herbs. 

653.  This  order  includes  a  curious  parasitic  group,  that  of 
the  various  species  of  Ctucuta  or  Dodder,  whose  general  habits 
have  been  already  described  (§.  344).  The  Dodder  may  be 
frequently  seen  on  the  stems  of  Heath,  Funse,  or  Nettles,  in  the 
form  of  a  cluster  of  stout  reddish  cords,  which  are  so  entwined 
together,  that  they  might  be  almost  taken  for  a  knot  of  young 
snakes.  The  only  vestiges  of  leaves  consist  of  a  few  stimted 
scales ;    and  it  is  curious  that  the  cotyledons  also  are  nearly 
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nndiflooTeisble,— ft  ohftneter  that  shows  tiie  alluuiee  of  this  groap 
to  ihe  CooTolTuhis  trihe,  with  which  it  is  said  also  to  agree,  in 
the  possession  of  pargative  properties. 

654.  The  next  order  we  shall  notioe  is  also  a  large  one, 
chiefly  consistiDg,  howerer,  of  hnmhle  plants ;  hnt  these  attract 
attention  from  their  aromatic  character,  'which  occasions  many  of 
them  to  he  cultivated  hy  Man  for  Tarions  purposes ;  and  also 
from  their  great  abandaace,  especially  in  the  northern  temperate 
regions.  The  order  now  alluded  to  is  that  of  Labiatjb,  or 
Labiate  plants,  so  named  from  the  peculiar  form,  of  the  oon^a, 
which  seems  to  have  a  pair  of  iip$;  we  may  designate  it  as  tiie 
Mint  or  the  Dead-NMUe  tribe,  from  some  of  its  best-known 
spectfis.  In  all  the  preceding  orders  of  this  snb-dass,  both  calyx 
and  corolla  liare  been  regular  ;  that  is,  their  parts  are  equal,  or 
nearly  so.  In  the  LabiatsB,  howeyer,  this  is  not  the  case.  The 
calyx  is  a  little  cup,  with  five  teeth  at  its  edge,  which  are  some- 
times equal ;  but  in  general  it  is  divided  by  a  deepw  cleft,  into 
two  unequal  lips,  of  which  one  has  three  teeth  and  the  other 
two.  The  corolla  is  tubular  at  the  base,  but  is  divided  above 
into  two  unequal  lips,  of  which  the  upper  one  is  narrow  and 
ooncave,  whilst  the  lower  one  is  broad  and  convex ;  the  upper 
consists  of  two  adherent  petals,  and  the  lower  one  of  three,  of 
which  the  central  one  is  usually  the  broadest.  There  can  be  no 
difficulty  in  reoognising  a  labiate  corolla  from  this  description  ; 
but  the  plants  belonging  to  the  order  may  be  even  more  readily 
distinguished  by  their  stamens.  These  are  four  in  number,  Ijring 
within  the  tube  of  the  corolla ;  and  two  are  longer  than  the 
rest ;  so  that  their  character  is,  in  the  Linnsean  language,  Dii^ 
namoui^  and  the  whole  group  corresponds  with  the  first  order  of 
the  Linnnan  class  Didtkamia.  In  some  instances,  however, 
only  two  stamens  are  present.  The  anthers  are  peculiar  in  the 
great  separation  of  tlie  lobes,  which  touch  eadi  other  only  at 
their  points;  in  the  Bage,  only  a  single  lobe  is  developed  (§.  432). 
The  ovarium  externally  presents  four  divisions,  from  which  it 
might  be  supposed  to  consist  of  fbur  carpels ;  in  reality,  how- 
ever, there  are  only  two  ceUs^  each  of  which  contains  two  ovules; 
and  these  four  seeds,  being  large,  give  the  form  to  the  seed- 
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▼eflsel  which  enoloses  them.  The  style  is  single,  hut  deft  at  the 
top,  where  it  carries  two  stigmas.  When  the  fruit  ripens,  the 
seed-vessel  splits  into  four  potions,  each  closely  envdoping  a 
seed)  so  as  to  form  a  sort  of  grain  or  nut  like  that  of  the  Rannn- 
culacesB  or  UmhellifersB ;  and  the  fonr  are  concealed  in  the  bot- 
tom of  the  calyx,  which  does  not  fall  off  with  the  rest  of  the 
flowers.  As  the  seeds,  in  consequence  of  the  close  adhesion  to 
them  of  the  waUs  of*  the  carpel,  do  not  seem  to  have  a  distinct 
envelope,  they  are  frequently  said  (though  erroneously)  to  be 
n(»ked ;  and  hence  this  group  is  placed  in  the  Linnsaan  order 
GymnoipemUa^  with  which  it  exactly  corresponds.  The  Labiataa 
principally  inhabit  dry  situations  in  temperate  climates ;  they 
constitute  about  one-twenty-fifth  of  the  Flowering  Plants  of 
France  and  (Germany ;  and  diminish  in  their  proportional  num- 
ber, as  we  pass  towards  warmer  or  colder  climes.  None  of 
them  are  poisonous  or  even  injurious ;  but  their  strongly  aro- 
matic character  prevents  them  from  being  used  as  staple  articlee 
of  food,  though  many  of  them,  such  as  the  Mints,  Sage,  Thyme, 
Rosemary,  Balm,  &c.  are  employed  to  give  flavour  to  various 
dishes,  or  are  valued  for  their  medicinal  properties.  The  aro- 
matic principle  is  an  essential  oil,  which  is  found  in  numerous 
receptacles  in  the  leaves  and  stalks,  and  which  contains  a  large 
quantity  of  camphor. 

655.  Nearly  allied  to  the  Labiat89,<'^bnt  distinguished  from 
them  by  having  a  regular  ooroUa,  five  fertile  stamens,  and  a 
round  instead  of  a  square  stem,— *is  the  order  Boraqinks,  or 
Borate  tribe ;  which  includes  a  considerable  number  of  herbs 
and  shrubs,  chiefly  inbabiting  the  temperate  latitudes  of  the 
northern  hemiq[)here.  Among  the  British  speries  are  several 
well-known  plants  of  great  beauty,  such  as  the  Forg0t<'me»not 
(MytmUi  palu9trii)y  Viper's  Bngloss  (Echium  mi^wwv),  and 
others*  The  common  Borage  is  found  pretty  abnndaatly  among 
rubbish  and  waste  ground  in  Britain ;  it  has  an  odour  somewhat 
resembling  cueumher,  and  oummunioates  a  pecuMar  coolness  and 
flavour  to  any  beverage  in  which  it  is  steqped.  In  common 
with  several  other  species  of  this  order,  it  contains  a  small  quan- 
tity of  nitre,  together  with  a  large  amount  of  mucikge ;  and  it 
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is  not  anfireqnently  lued  as  a  domestic  remedy.  The  common 
Comfrey  {Sympkyhtm  officxnaUi)^  growing  on  the  banks  of  riyers 
and  in  watery  places,  also  abounds  in  mucilage ;  and  its  young 
stems  and  leaves,  when  boiled,  are  sometimes  employed  as  articles 


of  food.  In  sereral  species  of  this  order,  the  roots  contain  a 
reddisk-browB  colouring  matter,  which  may  be  extracted  for  the 
use  of  the  dyers ;  the  one  chiefly  cultivated  for  this  purpose, 
however,  is  the  Anekiua  tmctoria^  or  Alkanet,  the  produce  of 
which  is  largely  employed  in  this  country  (§.  394). 

656.  The  next  order  is  also  an  extensive  one,  and  it  is  of 
much  greater  direct  importance  to  Man ;  suppljring  him  with  one 
of  his  staple  articles  of  food,  and  with  some  of  his  most  valuable 
medicines,  as  ¥rell  as  with  other  products  in  most  extensive  use ; 
and  notwithstanding  this,  it  is  one  of  the  most  poisonous  tribes 
in  the  whole  vegetable  kingdom.  This  is  the  order  Solanba,  or 
Niffhukade  tribe,  of  which  the  common  Deadly  Nightshade 
will  serve  as  a  eharacteristic  example.  We  here  return  to 
flowers  whose  structure  is  regular  or  nearly  so.  The  calyx 
presents  five  equal  teeth ;  the  monopetalous  corolla  has  five  equal 
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divisions ;  there  are  five  equal  stamens ;  and  the  ovarium  has 
two  cells,  in  each  of 
which  is  a  number  of 
ovules.  In  all  these 
characters,  there  is 
nothing  to  mark  the 
distinction  of  this 
order  from  the  Qen- 
tianeaOy  in  which  the 
structure  of  the  flower 
is  almost  exactly  simi- 
lar. In  the  Linncean 
classification,  how- 
ever, they  are  distin- 
guished by  this, — 
that  the  style  is  alto- 
gether single  in  the 
SolanesB,  so  that  the 
genera  belonging  to  it 
are  placed  in  the 
order  Monogynia  of 
the  class  Pbntandria, 
whilst  many  of  those 
of  the  order  Gen- 
tianese,  in  which  the 
style  is  cleft  at  the 
top,  belong  to  tbe 
order  Digynia  of  the 
same  class.  A  more 
important  and  con- 
stant distinction,  how- 
ever, may  be  drawn 
from  the  arrangement     p,«.,75^p,.„or  Pixn.«orn...^«.  A.ooroii. 

of  the  leayeS,  which  ontop«n,  ibowlDgtheitamentinMrtedonit.  B,oal]rz, 
«i^  yt«»«>/»— V^  :«  xl  ^***  ovarium  out  aoroM.  C,  pbtU.  with  a»  origin  of 
are     opponte    in     tlie    ealjx ;  b,  origin  d  ootoUa  ;  c,  OTarinm ;  d,  style ;  and  e. 

Gentian  tribe,  and  a^   •**gn»». 
Umate  in  the  Nightshade  tribe. 


Fie.  ITC-Bhamcb  of  Athota  BBLLAOoKiiik.oR  Dbaolv 
NiOHTBHADS,  With  buds,  flowers,  and  fruit. 


It  is  well,  on  account  of  the 
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poisonoiiB  properties  of  this  tribe,  to  remember  its  distinguishing 
characters ;  and  the  following  definition  comprehends  all  thai  is 
necessary  to  distinguish  this  order  from  every  other ; — the  flower 
is  monopetalous  and  regular,  the  ovaiy  superior  with  two  cells ; 
and  the  leaves  alternate.  The  fruit  conmsts  of  a  capsule,  which 
is  very  commonly  swollen  into  a  fleshy  berry. 

657.  The  native  British  plants  contained  in  this  order  are 
the  Bitter-sweet,  whose  red  and  tempting  berries  are  a  daageroas 
decoy  to  children,  the  Deadly  Nightshade,  Henbane,  and  Thom- 
Apple.  They  are  all  distinguished  by  their  narcotic  properties, 
which  rendw  them  serviceable  in  medicine  when  skilfully  admi- 
nistered ;  but  they  have  also  a  conmderable  degree  of  acridity, 
and  often  operate  as  violent  irritants,  when  taken  in  an  overdose 
or  accidentally  eaten.  The  order  is  widely  spread  over  the  globe, 
however ;  and  some  species  of  it  are  found  in  almost  all  countries 
except  the  polar  regions.  A  large  proportion  are  natives  of 
tropical  countries ;  and  among  these  are  several  which  are  much 
employed  by  Man.  The  first  to  be  mentioned,  because  tiie  one 
in  most  general  use,  is  the  Niootuma^  the  leaves  of  several  species 
of  which  constitute  Tobacco ;  this  was  used  in  Persia,  in  whidi 
country  it  grows,  long  before  the  discovery  of  America ;  but  it  is 
from  that  continent,  and  firom  the  West  Indian  ishmds,  that 
Europe  now  derives  its  chief  supply.  Two  species  only  are  in 
sufficient  repute  to  make  their  cultivation  desirable ;  and  these 
must  be  very  extensively  grown,  to  supply  the  ^lormous  demand 
that  now  exists  for  what  was  once  considered  a  noxious  weed. 
The  practice  of  smoking  tobacco  was  introduced  into  England  by 
Sir  Walter  Raleigh,  and  the  settlers  who  returned  from  Virginia, 
about  the  year  1586.  The  use  of  tobacco,  like  that  of  cofiee, 
encountered  much  opposition.  Laws  were  made  against  its 
importation,  and  severe  penalties  were  ordered  against  the 
employment  of  it.  Book  after  book  was  written  to  deter  the 
public  from  its  use ;  but,  as  in  the  case  of  other  forbidden  grati- 
fications, the  more  attempts  were  made  to  prevent  it,  the  greater 
was  the  use  made  of  it.  Even  King  James  I.  of  England  wrote 
a  book  against  it,  bearing  the  name  of  the  ^^  GouBterUaste."  In 
this,  the  habit  of  smoking  is  execrated  as  barbarous,  being 
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derived  from  savages,  and  as  in  itself  filthy;  and  the  Royal 
Author  not  only  condemned  it  as  injurious  to  the  health,  but  as 
absolutely  poisonous.  He  gives  the  following  ridiculous  account 
of  the  appearances  found  in  the  bodies  of  inveterate  smokers,  as 
sober  truth.  ^'  Surely  smoke  becomes  a  kitchen  farre  better  than 
a  dining  chamber ;  and  yet  it  makes  a  kitchen  oftentimes  in  the 
inward  parts  of  men,  soy  ling  and  infecting  them  with  an  unctuous 
and  oyly  kind  of  soote,  as  hath  been  found  in  some  great  tobacco* 
takers,  that  after  death  were  opened."  He  concludes  with 
styling  it  *'  a  custom  loaihsome  to  the  eye,  hateful  to  the  nose, 
harmfuU  to  the  braine,  dangerous  to  the  lungs,  and  in  the  black 
stinking  fume  thereof,  nearest  resembling  the  horrible  Stygian 
smoke  of  the  pit  that  is  bottomless."  Notwithstanding  such 
opposition,  smoking,  together  with  the  use  of  snuff,  has  spread 
not  only  through  civilized  but  among  savage  nations ;  and  there 
is  now  |Hrobably  no  single  product  of  the  Vegetable  kingdom 
which  is  so  extensively  employed. 

658.  That  excessive  smoking  is  injurious,  like  excessive 
indulgence  of  any  other  kind,  there  ^  can  be  no  doubt ;  that  the 
more  moderate  practice  of  it  injures  the  health  of  many  persons, 
who  would  be  very  unwilling  to  give  it  up,  is  equally  certain ; 
but,  in  regard  to  the  deletions  effects  of  the  use  of  it,  there  is 
less  to  be  said,  than  against  the  habitual  employment  of  fermented 
liquors ;  and  the  discontinuance  of  the  practice  might  be  rather 
vrged  on  the  ground  of  cleanliness  and  economy,  than  upon  such 
arguments.  We  quite  agree  with  King  James  that  ^' smoke 
becomes  a  kitchen ;"  and  in  regard  to  snuff-taking  we  are  of  the 
opinion  of  the  barrister^  who  is  said  to  have  thus  replied  to  a 
friend  who  offered  him  a  pinch,^^'Sir,  if  the  Almighty  had 
intended  my  nostrils  for  a  dust-hole,  he  would  not  have  turned 
them  upside-down."  We  would  seriously  urge,  upon  our  younger 
readers  especially,  the  desirableness  of  not  being  drawn  by 
example  or  ridicule,  into  a  custom  which  has  nothing  really  to 
recommend  it,  and  which  will  often  prevent  them,  by  the  expense 
and  time  it  involves,  from  doing  what  they  might  for  the 
improvement  of  their  minds.  Some  idea  of  the  amount  of  money 
expended  upon  this  indulgence  may  be  fSormed  from  the  fftct,  that 
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about  25  million  pounds  are  annually  imported  through  ike 
Custom-houee  for  use  in  this  country,  of  which  the  duty  alone  is 
about  three  millions  and  a  half  sterling;  and  as  the  duty  is 
extremely  high  in  proportion  to  its  value  (being  Ss.  per  pcmnd 
for  all  kinds,  whilst  the  cost  of  the  inferior  sons  is  but  about  2^^ 
and  of  the  best  6d.^  before  paying  it),  smuggling  is  carried  on  to 
a  greater  extent  than  in  almost  any  other  article.  It  has  been 
reckoned  that  one-fourth  of  the  tobacco  consumed  in  Great  &i- 
tain,  and  three-fourths  of  that  used  in  Ireland,  is  smuggled. 

659.  In  striking  contrast  with  the  Tobacco-plant  we  have 
now  to  speak  of  another  species  of  this  order,  the  Potaioe^  which 
might  be  thought  to  belie  what  has  been  said  of  the  general 
properties  of  the  group;  but  this  apparent  exception  to  tiie 
general  rule  has  been  already  explained  (§.  479).  It  is  well 
known  that  the  leaves,  stems,  and  fruit,  contain  the  narcotic 
principle,  though  in  a  less  degree  than  those  of  many  other 
species ;  and  the  juice  which  may  be  pressed  from  the  uncooked 
potatoe  itself  is  also  unwholesome.  Although  the  cultivated 
varieties  of  this  plant  are  now  so  numerous,  it  is  difficult  to  dis- 
cover it  with  certainty  in  the  wild  state.  It  was  first  brought 
into  Europe  by  the  Spaniards,  from  the  neighbourhood  of  Quito, 
in  the  early  part  of  the  16ih  century;  but  it  was  not  introduced 
into  England  until  1586,  when  it  was  brought  by  Sir  Walter 
Raleigh  from  Virginia.  It  is  said  that  he  distributed  a  number 
of  tubers  in  Ireland,  where  they  were  planted  and  throve 
exceedingly  well ;  and  that  they  were  subsequently  introduced 
into  England  from  the  Sister  island.  It  is  a  remarkable  fact  in 
the  history  of  this  plant,  that  the  colony  of  Virginia  was  some 
years  afterwards  saved  from  famine,  by  a  large  supply  conveyed 
across  the  Atlantic  from  the  very  country  to  which  they  had  so 
short  a  time  before  been  sent.  The  Potatoe  was  not  brought 
into  general  cultivation  in  this  country,  until  the  beginning  of 
the  eighteenth  century ;  and  it  was  near  the  close  of  it,  before 
much  attention  was  paid  to  the  varieties  of  this  plant,  or  before 
it  was  planted  over  a  large  extent  of  ground.  It  has  this  great 
advantage  over  most  other  vegetables  which  are  standard  artidee 
of  food ; — that  it  can  not  only  be  cultivated  in  places  where  no 
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others  can  be  profitably  growD,  but  that  it  can  be  cultivated 
there  at  a  smidl  expense,  and  is  less  likely  to  be  affected  by 
unfaTOurable  states  of  the  weather,  than  are  most  other  crops. 

660.  The  last  order  of  this  group  which  will  be  here  noticed, 
is  that  of  ScROPHULARiMBJB,  which  may  be  explained  as  the 
Foxglote  or  Snapdragon  tribe, — ^these  being  two  of  the  species 
best  known,  and  at  the  same  time  most  characteristic  of  it.  This 
order  is  remarkable,  like  the  Labiat®,  for  the  irregularity  in  the 
form  of  its  flowers,  which  is  even  carried  (in  many  species)  much 
further  than  it  ever  is  in  that  group ;  but  it  is  strikingly  different 
from  it  in  properties ;  for  instead  of  being  harmless  and  agreeable 
to  the  taste,  many  of  the  plants  belonging  to  it  are,  Uke  the 
SolanesB,  virulent  poisons,  having  strong  acrid  and  narcotic 
properties,  and  all  are  suspicious.  Instead  of  being,  however, 
like  a  great  part  of  the  Solaness,  of  a  dark  and  lurid  aspect,  which 
might  almost  lead  us  to  suspect  their  iujurious  character,  the 
plants  of  the  Foxglove  tribe  are  for  the  most  part  handsome, 
often  possessing  very  brilliantly-coloured  flowers.  This  order 
could  not  be  readily  distinguished  from  the  Labiat®  by  anything 
in  the  structure  of  its  calyx,  corolla,  or  stamens,  which  last  are 
(as  in  the  Labiats)  didynamoui;  but  they  are  at  once  known  by 
the  structure  of  the  seed-vessel,  which  does  not  present  externally 
a  division  into  four  lobes,  but  only  into  two ;  each  of  the  two 
cells  encloses  a  large  number  of  ovules,  instead  of  containing  only 
two;  and  in  ripening,  the  seed-vessel  forms  a  distinct  capsule 
with  two  valves.  By  this  last  character  alone,  this  group  is 
separated  frx)m  the  LabiataB  in  the  lanuffian  arrangement,  being 
placed  in  the  second  order,  Angioipen^ia ;  the  name  of  which 
refers  to  the  enclosure  of  the  seeds  in  a  capsule,  contrasted  with 
their  supposed  nakedness  in  the  preceding  one.  This  Linnsean 
order  also  includes  the  Orobanchea,  or  Broom-rape  tribe,  which 
is  nearly  allied  to  the  Scrophu)arine»,  differing  from  it  chiefly 
in  the  absence  of  leaves,  and  in  its  parasitic  habits,  which  resemble 
those  of  the  Dodder, — except  that  the  former  attach  themselves 
to  the  rooti  of  other  plants,  whereas  the  Dodder  derives  its 
nourishment  from  their  Hems, 

66 1 .  The  common  Foxglove  (Digitalis  purpurea)  is  one  of  the 
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most  handsome  of  the  native  British  species  of  Scrophularines. 
Its  corolla  somewhat  resembles  the  finger  of  a  glove  (whence  its 
name  is  derived),  and  is  of  a  crimson  hue,  its  throat  or  entrance 
being  spotted  with  rich  purple ;  its  border  is  divided  obliquely 
into  five  very  short  segnients,  of  which  the  two  upper  are  the 
smaller.  In  the  Snapdragon^  the  lower  lip  projects  inwards  in 
such  a  manner  as  to  press  agamst  the  upper,  so  that  the  entrance 
to  the  tube  is  quite  closed;  on  pressing  the  flower  sideways, 
however,  the  two  lips  separate,  as  if  the  mouth  were  opening. 
In  the  Cale^olariOi  or  slipper-shaped  flower,  of  which  an  immense 
number  of  varieties  are  now  in  cultivation  in  this  country 
(§.  454),  the  lower  lip  is  blown  out  (as  it  were)  into  the  likeness 
of  a  clumsy  slipper.  In  the  Scrophularia  (Figwort),  on  the 
other  hand,  the  corolla  is  globular,  with  a  very  large  upper  and 
small  under  lip.  It  is  curious  to  observe  the  tendency  to  a 
return  to  the  regular  form,  which  some  of  these  plants  occasionally 
exhibit.  Thus,  a  monstrous  form  of  the  Snapdragon  is  not 
uncommon,  in  which  the  flower  is  circular,  every  petal  having 
the  same  form,  and  each  having  the  spur  or  downward  prolonga- 
tion, which  is  usually  possessed  by  one  alone ;  and  five  stamens 
of  equal  length  being  developed.  An  exception  to  the  general 
character  of  the  order,  is  presented  by  the  common  Speedwell,  in 
which  there  are  only  two  stamens ;  and  also  by  many  foreign 
species.  It  has  recently  been  discovered  that  Euphrasia  (Eye- 
bright)  and  several  other  genera  of  this  family  are  parasitic 
during  the  early  part  of  their  lives ;  obtaining  their  nutriment, 
like  the  Orobancheae,  from  the  roots  of  other  plants,  especially 
Grasses,  on  which  theit  suckers  are  implanted.  When  they 
have  attained  a  certain  degree  of  development,  however,  they 
are  able  to  live  independently  of  such  assistance,  and  the  para- 
sitic habit  no  longer  continues. 

662.  The  plants  of  this  order  are  found  abundantly  in  all 
parts  of  the  world,  from  the  coldest  regions  in  which  the  vegeta- 
tion of  Flowering-plants  takes  place,  to  the  hottest  place  within 
the  tropics.  One  species  is  found  in  Melville  Island,  which 
seems  too  cold  a  situation  for  the  Labiatae;  and  several  ornament 
the  sterile  shores  of  Terra  del  Fuego.     They  are  mostly  acrid 
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and  bitter  ;  and  the  leaves  and  roots  of  many  species  act  as 
purgatives,  and  even  emetics.     These  qualities  are  united  in  the 

Foxglove  (wliich  approiichea  in  many  of  it;*  chm*acU;rs  to  the 
Solan ea),  with  a  remarkable  power  of  depressing  the  nervous 
system,  aod  of  diminishing  the  action  of  the  heart;  and,  wLeo 
cautiously  udministei^d,  this  is  a  medicine  of  great  value. 

663,  The  following  table  will  enable  the  student  to  distin^ 
guiah  sucli  of  the  orders  of  this  sub-ctoss,  as  he  is  like3y  to  meet 
with  among  British  Plants.  Here^  as  elsewhere,  it  is  to  bo 
remarked,  that  such  tabular  arrangements,  being  founded  upon 
such  tin^^  characters  only  as  are  easily  recognized,  do  not  at  all 
repreiont  the  real  affinities  or  relationships  between  the  orders. 

r 

Sub-Class  IIL— COROLLIFLORjE. 

Monopetaloua  Exogens^  having  a  superior  ovary,  and  the 
stamens  inserted  on  the  corolla, 

A.  Flowery  rcfguliir,  slam^ni  of  equU  len^Ui, 

tj  Orary  undi Tided, 
a^  CiLq^els  4  or  5. 

Siameqj  oppodte  petalit         *        .         Frimntacea,       645 
StAitioti»  alteroatingwith  p«t»lt,     >         Convoivuiaceaj  Bhl 
Bt  Carpel  a  oulj  2. 

StamcDs^  .  .  ,         Oteaee^g  647 

StametiA  4  gr  more. 

Ctlyi  imbriated    .  .     ,         (Jonpohmlacta^ 

Cdjx  in  n  perfect  xrborL 

Lcavet  oppoute  .  .  Gattiatteaf  ^50 

Leavei  :klieTiiatfl  .     .         Soionetg^  65^6 

B.  Flo  wen  irregulur,  ituncuf  uiniU^  tetrad  j* 

a,  Onxf  4-|cibisd  eitlemallj  ,  *         Lahiatmf  CS4 

bf  OvATj  uDdivid^. 

a,  Stemt  leafy,  not  pvuttkr  captnle  two- 
eel  led  ,  «  .  .         ScrophHlarintrnt  S60 
S,  Sterna  ledlecE,  Uabita  pnrMitic,  e»|Mu]e 

oae-i^blled         ,  .  ,       *         OroAancA^w,        660 

~ T -m — 

*  Thii  order  ii  repeated  here,  becaq*e  levtrml  of  iu  ipeciei^  m  lh«  Doddery 
havp  leM  Ibau  four  carpel*  developed  in  lti«  otwj. 
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664.  In  this  sub-olass,  the  perianth  ney&t  connate  of  more 
than  a  single  whorl,  which  may  be  conmdered  in  the  light  of  a 
calyx  or  of  a  corolla.  In  many  instances  there  is  no  vestige  of 
either  one  or  the  other,  and  the  frnotification  is  rednoed  to  its 
simplest  possible  condition.  It  is  interesting  to  remark  tiiftt, 
althoagh  this  gronp  does  not  contain  nearly  so  many  species  dis- 
tingnished  for  their  pecnHar  properties,  as  do  the  former  ones, 
yet  it  includes  a  large  proportion  of  those,  whose  stems  furnish 
us  with  valuable  timber, — ^for  example,  the  Oak,  Elm,  and  Fir 
tribes ;  so  that  it  would  seem,  as  if  the  suppression  of  some  of 
the  organs  of  fructification,  by  which  the  race  is  multiplied,  were 
favourable  to  the  development  of  the  individual  structure.  The 
first  two  orders  to  be  noticed  are  of  no  great  importance  in 
themselves ;  but,  as  they  contain  several  British  species,  it  is 
desirable  not  to  pass  them  by. 

665.  Of  the  order  Chenopodbji,  or  Goosefo^t  tribe,  the  com- 
mon Gooi^bot^  so  named  from  the  peculiar  form  of  its  leaves, 
may  be  considered  as  the  type.  It  has  a  perianth  composed  of 
five  adherent  portions,  at  the  base  of  which,  and  opposite  to  the 
segments,  are  inserted  five  stamens.  The  ovarium  is  superior 
and  one-celled,  and  crowned  with '  two  stigmas ;  it  contains  but 
a  single  ovule,  which  is  attached  to  the  base  of  the  cavity.  The 
plants  of  this  order  inhabit  waste  places  in  all  parts  of  the 
world,  abounding  mostly  in  the  northern  parts  of  Europe  and 
Asia ;  they  are  mostly  considered  rank  weeds ;  but  some  of  them 
have  been  rendered  by  cultivation  very  serviceable  to  Man. 
Some  foreign  species  are  used  medicinally,  in  the  countries 
where  they  grow.  The  most  important  products  of  this  order, 
however,  are  not  of  a  medicinal,  but  of  a  nutritious  character. 
Of  several  species,  such  as  Spinage,  the  leaves  and  stems  are 
used  as  potherbs ;  of  others,  such  as  Beet,  the  root  becomes  very 
fieshy  under  cultivation,  and  affords  a  lar^  quantity'of  whole- 
some aliment.     One  species  of  Beet  is  cultivated  in  England 
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under  the  name  of  mangel  wurzel^  or  root  of  scarcity,  to  famish 
winter  food  for  cattle;  it  is  often  aTeiy  profitable  crop,  the 
roots  growing  to  the  weiglit  of  20,  90,  or  even  60  lbs. ;  and  it 
does  not  exhanst  the  soil.  Another  species  or  variety  of  Beet 
is  extensively  cultivated  in  France;*  on  account  of  the  sugar 
which  it  yields ;  this  product  is  not  so  good  as  that  made  from 
the  cane,  nor  can  it  be  raised  so  cheaply ;  nevertheless  the  nation 
is  obliged  to  employ  it,  on  account  of  the  heavy  duty  which  is 
placed  upon  the  sugar  of  the  West  Indies,  Brazil,  &c.  Another 
plant,  which  was  at  one  time  of  much  importance,  is  the  Scdmkla 
doda,  which,  when  grown  near  the  sea-shore,  contains  a  large 
quantity  of  the  alkali  Soda ;  and  this  was  obtained  from  it  by 
burning.  Soda  is  now  more  abundantly  procured,  however,  by 
other  processes.  Another  British  genus,  the  Salieorma  or  Glass- 
wort,  was  of  similar  utility ;  this  is  remarkable  for  having  but 
a  single  stamen.  The  genus  AiripUx,  or  Orache,  deserves  men- 
tion on  account  of  its  being  polpgmMUi^  that  is,  bearing  com- 
plete, as  well  as  incomplete  flowers  on  the  same  plant.  The 
complete  and  stamineous  flowons  have  a  five- parted  calyx ;  whilst 
the  calyx  of  the  pistilline  flowers  is  formed  of  two  valves  only. 

666*.  The  next  order  to  be  mentioned  is  that  of  Polyqokzjb, 
or  the  Bttck'Wheat  tribe,  which,  like  the  last^  contains  many  of 
the  most  common  weeds  that  overrun  waste  places  in  every  lati- 
tude, together  with  sevand  important  plants.  The  characters  of 
this  order  are  easily  recognised.  The  perianth  is  composed  of 
from  three  to  six  pieces,  adherent  at  the  base,  and  folded  over  each 
other, — sometimes  to  such  a  degree,  as  to  give  the  appearance  of 
a  double  whorl.  The  stamens  are  usually  few  in  number,  and 
are  inserted  in  the  bottom  of  the  perianal.  The  ovarium  is 
superior,  with  a  sudgle  erect  ovule  in  its  cavity ;  and  has  more 
than  one  style  or  stigma.  In  these  respects,  the  Polygoneo  do 
not  present  any  marked  difference  from  the  Ghenopodeso ;  but 
they  may  be  distinguished  by  this  important  character, — that, 
whilst  the  latter  are  destitute  of  stipules,  the  former  have  them 
very  large,  and  cohering  round  the  stem,  so  as  to  inclose  the 
leaf-buds,  before  they  expand,  in  the  manner  of  a  boot ;  this  is 
well  seen  in  the  common  garden  Rhubarb.    The  seed  usually 


Digitized  by  VjOOQ IC 


490  BUCK-WHEAT  TRIBE. LAUREL  TRIBB. 

oonUim  a  oonsidcrable  quantity  of  mealj  albnami,  whidi  ii 
incieased  by  caltiTation  to  ineh  a  d^^ree,  as  to  make  it  in  some 
species  worth  raising,  especially  as  these  plants  will  usually  groiv 
OD  the  poOTSst  smIs.  The  juices  of  these  plants,  however,  tie 
astringent  and  sometimes  purgative,  occasionally  also  possessiiig 
acidity.  But  in  general  these  properties  are  diffused  in  no 
large  amount  through  their  substance ;  so  as  not  to  be  easily 
available.  The  chief  medicinal  product  afforded  by  this  order, 
is  Rhubarb,  which  is  the  root  or  rhizoma  of  one  or  more  apedm 
of  Rheurn^  and  is  best  obtained  from  warm  countries,  though  it 
has  been  produced  in  Britain.  The  garden  Rhubarb  of  this 
country  corresponds  with  the  common  Sorrel  and  Dock,  which 
also  belong  to  this  order,  in  the  acidity  of  its  leaves  and  let^ 
stalks,  on  account  of  which  it  is  cultivated.  The  Pofyg<mHm 
bittortOy  or  Bistort,  so  named  on  account  of  the  twioe-twisted 
form  of  its  roots,  is  one  of  the  most  powerful  of  vegetable 
astringents;  and  the  roots  abound  in  starchy  matter,  whieb, 
when  the  tan  has  been  separated,  may  be  used  as  food.  The 
Polygonum  fEUjfopyrum^  or  Buck- wheat,  should  more  properly  be 
called  Beech-wheat;  since  it  derives  both  its  scientific  and  its 
common  name  from  the  resemblance  between  its  seeds  and  beech- 
mast.  In  China  and  many  parts  of  the  East,  it  has  long  been 
cultivated  as  a  bread-corn,  and  it  was  introduced  into  Europe 
by  the  Crusaders ;  it  is  not  grown  to  nearly  the  same  extent  in 
this  country  as  on  the  Continent. 

667.  The  next  order,  Laurikba,  or  Laurel  tribe,  is  almost 
entirely  confined  to  tropical  climates ;  and  is  chiefly  interesting 
on  account  of  the  number  of  valuable  products  which  it  yields. 
The  Common  Bay  is  the  most  northern  species ;  and  this  does 
not  naturally  grow  in  countries  more  temperate  than  those  of  the 
south  of  Europe.  The  order  is  easily  known  from  those  allied  to  it, 
by  the  mode  of  bursting  of  the  anthers,  which  open  by  valves 
in  the  same  manner  as  those  of  the  Berberry  (Fig.  80,  §.  -133). 
The  perianth  consists  of  four  to  six  portions,  arranged  in  an  im- 
bricated manner ;  at  its  base  are  attached  the  stamens,  which  are 
usiuiUy  twice  the  number  of  its  sequents.  The  ovarium  is  one* 
celled,  containing  one  or  two  pendulous  ovules ;  and  it  is  SQ^ 
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mounted  by  a  single  style.  This  order  contains,  with  many 
shrubby  species,  some  which  rank  as  large  trees ;  one  genns, 
howcTer,  differs  iram  the  rest  in  being  leafless  and  parasitic ; 

and  it  is  remarkable  that  Ihia  is  the  only  plant  of  the  ordair 
which  is  a  native  of  Africa  ^  Professor  Lindlej*,  howeyer,  separates 
it  from  the  Launneee,  and  makes  of  it  a  distinct  order.  The  Bay 
laurel  wag  formerly  in  repute  as  a  medicine ;  but  it  seems  to  have 
been  yet  mor^  esteemed  among  the  ancients,  since  wreaths  formed 
of  it  were  awarded  aa  rictorJone  crowns,  to  those  who  bad  distin- 
guiibed  themselircfl  by  their  courage  in  war,  or  by  their  superiority 
in  learning.  It  is  curious  that  .the  pro^nt  nniversity  degree  of 
Baeheior  (of  Medici oe.  Arte,  &c*)  should  take  its  origin  in  this 
circumstance  ;  the  term  Bachelor,  k  merely  a  cormption  of  the 
word  Bacca-laureate,  which  means  laurel *herried ;  the  latter 
part  of  the  word  being  also  the  diatinction  of  the  Poet,  who  is 
appointed  to  make  verses,  on  stated  occasions,  in  honour  of  the 
sovereigns  of  Britain,  The  LanrinesB  are  all  aromatic  plants, 
containing  in  their  leaves,  bark,  &c.,  a  powerful  essential  oil, 
which  gives  them  a  strong  and  pleasant  odour,  and  a  warm  and 
pleasant  taste.  The  moat  valuable  products  of  this  order  are 
Cinnamon  and  Camphor.  The  former  is  tlie  bark  of  Hhe  younger 
twigs  of  several  species  of  Laurel,  which  grow  best  m  the  islands 
of  the  Asiatic  Archipelago*  Cassia  bark  is  inferior  to  Cinnamon 
in  strenf^th  of  flavour,  but  ia  ofien  passed  off  for  it»  Sassafras  is 
another  aronmtic  product  of  this  order ;  it  is  brought  from  South 
America.  Camphor  may  be  obtained  from  nearly  every  species 
of  the  tribe,  in  greater  or  less  proportion ;  but  it  is  now  found 
to  be  more  abundantly  ji elded  by  trees  of  other  kinds.  The 
Alligator-pear  of  the  Weet  Indies  (the  first  name  of  which  is  a 
corruption  of  the  original  name  Avocado)  is  the  fruit  of  a  species 
of  Laurel ;  it  is  much  esteemed  for  its  rich  and  agreeable  flavour^ 
and  seems  to  be  relished  not  only  by  Man,  but  by  many  kinds  of 
Animals. 

668,  Several  of  the  fiaurineaj  are  dicecioua  ;  and  this  is  con- 
stantly the  case  with  the  Nuime</  tribe,  which  is  nearly  allied  to 
them  ;  in  tbese^  neither  the  stamineous  nor  the  pistilline  flowers 
contain  a  trace  of  the  deficient  organs.    The  nutmeg  is  tlie 
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Btngle  seed  contained  within  the  oyariniD,  wloch,  in  ripening; 
forms  a  fleshy  frnit  (not  nnlike  the  Apricot  in  appeanmee)  ^ai 
bunts  into  two  halves,  displajing  the  seed  in  its  centre.  Tb« 
nntmeg  is  partly  enveloped  in  a  covering  to  which  there  ia 
nothing  analogous  in  most  tribes  of  plants;  this  is  called  the 
mrilluM  ;  and  it  is  known  as  mom.  The  maoe  lies  between  the 
fleshy  fruit  and  the  contained  seed ;  it  does  not  f<»in  a  complete 
covering,  but  has  many  large  apertures,  thiougfa  which  the  dark 
seed  appears.  It  is,  when  fre^,  of  a  bright  scarlet  colour;  but 
^is  chuiges  in  drying  to  a  dull  yellowish  brown.*  The  Nut- 
meg was  originally  grown  only  in  a  small  group  of  iriands  in 
the  Eastern  Archipelago,  tenned  the  Banda  or  Spice  idaods,  of 
which  the  Dutch  eariy  obtained  possession.  That  nation  deored 
to  secure  to  themselves  the  trade  in  this  valuable  spice;  aad 
they  endeavoured  so  to  regulate  the  quantity  produced,  that  the 
price  of  it  should  be  always  kept  up  to  a  high  standard.  Some- 
times  they  eut  down  trees ;  aad  in  other  instances,  when  the 
crop  was  too  abundant,  they  even  destroyed  immense  quantities 
of  the  spice.  They  more  than  once,  however,  suffered  deariy 
for  their  avarice ;  tiie  nutm^  trees  of  Banda  having  been  neariy 
destroyed  *by  the  hurricanes  and  earthquakes,  which  spared 
other  islands.  The  nutmeg  has  now  been  for  some  time  euld- 
vated  by  the  English  in  Sumatra,  and  also  in  the  West  Indies. 
Although  the  quantity  produced  in  the  last-named  islands  has 
hitherto  be^  very  small,  ^ere  can  be  little  doubt  that,  if  the 
trees  received  greater  attention,  it  might  be  much  increased; 
but  the  attention  of  the  planters  is  unfortunately  so  mudi  fixed 
upon  a  few  objects,— such  as  Sugar,  Cofiee,  Cocoa,  and  Cotton, 
which  yield  an  immediate  return,  that  they  are  apt  to  neglect 
what  might  ultimately  be  more  profitable,  eq>ecially  if  it  do 
not  succeed  on  a  first  trial.  The  quantity  of  nutmegs  imported 
into  Britain  in  1830  was  about  280,000  lbs.;  but  of  this  not 
quite  half  was  kept  for  use  in  this  country.     Several  species  of 

•  When  it  ii  desired  to  preseire  the  outmeg  and  maoe  u  a  curiotitj,  the  beat 
waj  to  prevent  the  loes  of  the  beantifal  colour  of  the  latter,  ia  to  keep  the  fniit 
in  a  thick  eyrup,  made  from  the  beat  white  eogar. 
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to  the  true  mitmeg* 

669,  Passing  over  several  less  ioteresting  tribes,  we  come  to 
one  of  great  extent  and  importance, — tbe  Egphorbtaci^jE,  or 
Spurf/e  tribe,  which  ia  an  order  containing  a  large  nnmber  of 
plants,  dlfltingnished  for  tbeir  extreme  acriditr,  and  mostly 
inhabiting  tropical  conntnea,  A  small  nnmber  are  natives  of 
tbia  country  ;  and  a  few  more  are  cultivated  in  our  gardens.  It 
is  fortnnate^  coniiidering  tlie  injurious  propertieg  of  this  order ^ 
that  it  should  be  easily  distingnished  from  all  others.  The 
sterns^  leaves,  &c.  have  a  milky  juice ;  tbe  stamena  and  pistils 
are  not  contained  in  the  same  flowers ;  and  the  fruit  ordinarily 
splits  into  three  diviaiona  when  ripe.  The  general  structure  of 
the  flower  cannot  be  readily  understood,  by  examining  the  com- 
mon Eupborbiaa  of  this  country ;  since  they  have  a  peculiarity 
which  is  characteristic  of  their  genus.  If  the  apparent  flower  of 
one  of  the  Spurges  he  examined,  it  will  be  found  to  consist  of  a 
sort  of  cup  divided  into  ten  parts  at  its  edge^  and  havin^r  a  clus- 
ter of  stamens  arising  from  its  bottom  ;  with  a  long  stalk  in  the 
middle,  curved  downwards  hy  the  weight  of  the  ovary  that 
grows  upon  its  tammit.  These  stamens  ate  peculiar,  from  the 
circumstance  of  their  having  a  joint  in  what  appears  the  fila- 
ment of  each  ;  and  abo  in  tbeir  mccemvdi^  growing  up  above 
the  mouth  of  tbe  cup,  discharging  their  pollen,  and  then  shrivel- 
ling np.  It  was  formerly  supposed  that  the  whole  of  this 
etmcture  conititntet  one  flower;  and  as  the  young  Botanist 
would  be  likely  ao  to  consider  it^  it  is  desirable  to  explain  the 
reasons  why  it  is  not  now  so  regarded.  In  the  first  place,  no 
other  genus  of  this  order  has  stamena  and  pistib  united  in  the 
same  flower.  Again,  there  is  no  other  flower,  in  which  the 
stamens  have  jointed  fllaments,  or  the  same  confused  arrangement. 
Further  in  many  species,  a  sort  of  cup-like  membrane  springs 
from  this  joint,  much  resembling  a  little  calyx.  For  these  and 
other  reasons,  each  supposed  etauien  is  now  regarded  as  a  single 
stamineous  flower,  and  the  porti^jn  of  its  filament  below  the 
joint  38  ita  flower- stalk  ;  the  ovary  in  the  centre  is  in  like  man- 
ner a  pistilline  flower ;  whilst  the  cup  from  which  they  spring 
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is  an  invduerum  of  bracts,  somethiDg  like  that  of  the  CkHnpo- 
sitce  (§.  629) ; — ^the  whole  bemg  thus  a  kind  of  head^  rather  ^an 
a  single  flower.  In  general  the  floral  leaves  are  green,  so  that 
the  whole  flower  is  almost  destitute  of  colour ;  but  sometimes 
they  present  most  brilliant  hues, 

670,  In  other  genera  of  the  order,  the  structure  does  not 
depart  so  widely  from  the  ordinary  type.  In  some  of  them  we 
even  find  a  double  perianth,  each  whorl  being  usually  made  up 
of  five  or  six  divisions.  The  stamens  are  extremely  variable  in 
number;  and  the  ovarium  consists  of  three  carpels  (sometimes  only 
two)  which  separate  from  each  other  in  ripening ;  each  of  these 
incloses  one  or  two  ovules.  A  very  good  illustration  of  this  struc- 
ture is  found  in  the  Falma  Chritti^  or  Castor-oil  Plant,  which  is 
often  cultivated  in  gardens,  on  account  of  the  handsome  appear- 
ance of  its  leaves  and  dusters  of  flowers.  Many  of  this  order 
are  very  succulent ;  and  several  of  the  tropical  species  present 
very  much  the  appearance  of  the  Gactes,  being  leafless,  and 
having  their  swollen  stems  beset  with  spines*  Neariy  all  of  this 
tribe  possess  acrid  properties  in  a  greater  or  less  d^pree ;  but 
these  are  most  powerful  in  the  roots  of  the  larger  species,  which 
are  not  of  annual  growth.  In  Africa  and  Asia,  the  leafless 
thorny  Euphorbias  are  often  planted  for  fences ;  and  they  serre 
most  effectually  to  keep  out  intruders,  injuring  thoee  who 
attempt  to  pass,  not  only  by  their  sharp  spines,  but  by  the 
acrid  juices  which  they  instil  into  the  wounds  made  by  these. 
One  of  the  most  violent  in  its  action  of  all  the  species  of  this 
order,  is  the  Manchineel  tree  of  the  West  Indies ;  the  juice  of 
which,  when  applied  to  the  skin,  produces  corroding  ulcers.  It 
has  been  said  that  it  is  dangerous  even  to  remain  under  the 
shadow  of  the  tree,  but  this  is  an  exaggeration ;  it  has  been 
stated  on  good  authority,  however,  that,  if  a  person  take  refuge 
under  one  of  these  trees  from  a  shower  of  rain,  the  droppings 
become  charged  vrith  its  exudations,  and  produce  troublesome 

*  sores  on  any  part  of  the  skin  which  they  may  touch.    The  juioe 
of  this  and  of  many  other  trees  has  been  used  to  poison  arrows. 

671.  Although  the  juices  of  the  leaves  and  stem  are  nsnally 
so  acrid,  other  parts  of  the  plant  may  be  applied  to  various  uses^ 
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either  aa  articles  of  food,  or  as  valuable  medicines*  Tlius  the 
root  of  the  Jalropha  Manihot  oontaini  a  large  quantity  of  fitarehy 
matter  i  and  thia  U  easily  freed  from  t!ie  acrid  juice,  by  prefisuie 
and  by  heat^  iso  aa  to  be  rendered  quite  wholesome ;  and  in  thia 
state  it  constitutes  a  most  important  article  of  food,  under  the 
name  of  Cassava,  through  a  large  proportion  of  the  tropical  conn- 
tries  inhabited  by  Man.  The  oil  of  the  seeds  of  the  Coator-Otl 
plant  ia  one  of  the  mildest  purgatives  known ;  bat  that  of  the 
Beed-coats  is  very  acrid  and  dangerous-  The  seeds  of  the  Craton 
tiglium,  and  of  the  Jatrgpha  Curcm^  or  Pbysic-nut  of  the  West 
Indies,  also  famish  an  acrid  oil,  which  is  used  in  medicine  as  an 
active  purgative  and  emetic ;  that  of  the  Croton  ii0lium  alone, 
however,  is  ordinarily  employed  in  this  country  aa  a  medicine, 
that  of  tlie  Jatropha  Curcas  being  now  imported  and  brought 
into  use  as  a  lamp-oiL,  for  which  it  is  well  adapted.  There  are 
some  species^  of  which  the  juices  are  not  strongly  ac^d  ;  but  all 
are  suspicious.  Besides  these  prod u eta,  there  is  one  that  ii 
obtained  in  considerable  amount  from  this  order,  the  value  of 
which  is  every  day  becoming  greater,  from  tlie  new  and  varied 
nsBB  to  which  H  is  applied.  This  is  Cmutch&uc  (§.  367 — 9) » 
which,  although  partly  obtained  from  a  tribe  to  be  presently 
mention ed«  exists  in  considerable  amount  in  the  Buphorbiaceas 
also.  This  order  presents  itself  in  the  largest  proportion  in 
tropical  America. 

672.  Another  important  group,  also  widely  extended,  and 
affording  many  products  of  importance  to  Man,  is  that  of  Ubti- 
CE^,  the  Nettie  tribe.  It  will  doubtless  surprise  those j  who  have 
no  previous  botanical  knowledge^  to  learn  that  the  Fig,  the 
Bread-fruit,  and  the  Nettle,  belong  to  the  same  group,  along  with 
the  Hemp,  Mulberry,  and  Hop.  However  much  these  differ 
among  themselves,  they  agree  in  certain  general  characters,  which 
distinguish  them  from  all  others.  These  characters  may  be  most 
readily  seen  in  auch  plants  as  the  common  Pdlkory^  that  grows 
on  wall -tops  and  in  waste  places  ;  in  wliich  the  flowers  are  not 
crowded  together,  aa  they  will  be  shown  to  be  in  the  Fig  and 
Bread-fruity  and  in  which  the  stinging  hairs  of  the  Nettle  and  its 
allies  are  not  present*    Of  the  flowers  of  this  plant,  as  in  the  whole 
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Older,  s  part  are  ttamiiieoiiSMid  apart  pi8tilliiie;  ihere  are liere, 

beaidea,   aome   otben 


which  are  coaiplete, 
though  the  pialil  of 
theae  la  not  falljr  d^ 
▼eloped.  Thepenanth 
ia  diyided  into  Ibor 
lobea;  and  oppoiiuio 
the  hase  of  each  arises 
a  atamen.  This  last 
character  ia  comnon 
to  the  order;  but  te 
nnmber  of  aegmenta  of 
the  perianth  difian. 
The  piatil  oonaiito  of 
one  ovary  oontaimng 
a  single  aeed;  it  is 
aormoonted  bjrasiiigle 
atyle,  with  a  stigma 
composed  of  a  bunch 
of  filamenta  like  a 
brush;  in  other  spa- 
ciea  there  are  very 
commonly  two  styto 
The  firuit  oontaios  but 
a  aingle  aeed,  and  if 
oloBdy  wrapped  round 
by  the  perianth,  whieh 
does  not  fall  off. 

673.  The  greatest 
peculiarity  in  the  or- 
gana  of  fructificatioii, 
by  which  the  Bread- 
fruit, Fig,  &c.,  is  dis- 
tinguished, is  not  that 
the  flowers  are  dif- 
ferent in  ihemselTes^  but  that  they  are  crowded  together  t^  oi 


Fio.  I7(L^Brakch  or  BiiaAJ>-ntuiT  Tiun,  bearing 
I,  e,  oliultn  of  ptattUki« Sowm;  b»  oluaten of  ttami. 
eont  flowersi 


Fio.  177.  —  A,  •ectlon  of  clutter  of  SrAMorBom 
Fbowuts;  B,  dngleilower}  C«  tkree  piatiUiBO  flowtn, 
enlarged. 
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wUMn  s  reeeptacle.  Thia  will  be  readily  undentood,  so  far  m 
the  Bread'froit  is  concerned,  from  the  aooompanying  figures. 
The  stamineous  and  pislilline  flowers  grow  in  separate  clusters, 
which  are  of  diffurent  forms ;  that  bearing  the  former  is  long, 
resembling  a  oatkin;  that  of  the  latter  is  more  globular,  its  bulk 
being  principally  composed  of  the  fleshy  receptacle  on  which  tile 
flowers  are  seated.  The  flowers  are  so  mnch  crowded  together, 
that  the  perianth  forms  a  cylindrical  tube,  composed  of  two  pieoes 
only.  This,  in  the  stamineons  flowers,  contains  but  a  single 
stamen ;  and,  in  the  pistilKne  flowers,  it  envelops  a  one-celled 
and  one-seeded  ovarium.  During  the  ripening  of  the  fruit,  the 
receptacle  enlarges,  and  becomes  still  more  fleshy  and  succulent ; 
and  it  is  this  which  constitutes  the  edible  portion.  The  structure 
of  the  Fig  is  extremely  analogous  to  this;  except  that  the 
flowers  are  borne  on  the  inside  of  a  hollow  receptacle.  This  would 
not  be  understood  upon  examining  the  dry  Fig  only ;  but,  if  the 
unripe  Fig  be  out  open,  its  structure  is  at  once  perceived.  Its 
flrm  fleshy  exterior  is  the  receptable,  which  has  grown  up  around 
the  flowers,  so  as  to  dureot  them  inwards  towards  each  other,  as 
if  they  were  growing  on  the  inside  of  a  basin ;  this  is  not  com- 
pletely closed  over  at  the  top,  however;  for  a  little  aperture  is 
left  there,  which  serves  a  very  important  purpose.  The  stami- 
neons and  pistilline  flowers  are  both  induded  in  the  same  recep- 
tacle ;  but  being  so  mnch  crowded,  the  poUen  of  the  former  would 
not  become  applied  to  the  stigmas  of  the  latter,  without  s(»ne 
special  contrivance.  This  is  accomplished  by  the  agency  of  insects, 
which  enter  the  cavity  through  the  hole  a^  the  top,  and  disperse 
the  pdlen  by  their  movements.  The  seeds,  which  we  meet  witii 
in  the  ripe  Fig,  are  in  reality  little  grains  or  nuts ;  being  the 
hardened  ovaries,  closely  enveloping  the  tme  seed,  like  those  of 
the  BanunoulaoesB. 

674.  We  have  now  briefly  to  notice  the  chief  products  of  this 
ordff,  which  is  surpassed  by  very  few  in  its  importance  to  Man. 
The  Bread-fruit  is  the  chief  support  of  the  natives  of  a  large  pro- 
portion of  the  islands  that  are  scattered  through  the  Southern 
Ocean ;  it  was  introdneed  by  the  British  Government  into  the 
West  Indian  IsUindSi  where  it  grows  very  well ;  but  is  not  much 
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relished  by  the  segroes.  The  timber  of  this  tree  is  liglit,  and  is 
used  for  building  houses  and  boats ;  and  the  inner  bark  is  beaten 
into  a  kind  of  cloth.  Nearly  allied  to  the  Bread-fruit  is  the 
Mulberry,  which  is  well  known  to  be  the  source  of  all  our  silken 
fobrics,  as  upon  its  leaves  alone  can  Silk-Worms  be  profitably 
reared.  The  Paper-Mulberry  affords  the  material  of  paper  to  the 
Chinese  and  Japanese,  the  inner  bark  being  beaten  into  a  palp, 
and  then  pressed  into  sheets ;  and  its  juice  is  so  tenacious  as  to 
be  useful  as  a  glue.  The  Fig  is  an  important  article  of  food  in 
many  Eastern  Countries ;  and  it  is  highly  nutritious  as  wdl  as 
agreeable.  A  very  large  quantity  is  exported  from  these  to 
various  parts  of  Europe ;  as  much  as  1000  tons  are  annually 
brought  to  €hreat  Britain  alone,  chiefly  from  Turkey  and  the 
Levant.  Nearly  allied  to  the  Fig  is  the  celebrated  Banyan-tree 
of  India  (§.  152) ;  and  also  the  famous  Upas,  which  has  been 
reputed  to  be  the  most  poisonous  species  of  the  whole  Vegetable 
kingdom,  causing  the  death  of  animals  which  even  approached  it, 
or  of  birds  which  fly  over  it.  It  is  quite  true  that  its  juice  acts 
as  an  extremely  yiolent  poison,  when  inserted  into  a  wound ;  but 
the  other  efiects  attributed  to  the  tree  are  not  founded  in  £act. 
The  Trump^wood  of  tropical  climates  affords  the  means  of  con- 
structing canoes,  furniture,  &c.;  and  its  fibrous  parts  are  used  as 
cordage ;  the  same  portion  of  the  Hemp-plant  of  northern  regicms, 
supplies  the  material,  not  only  of  our  rope  and  twine,  but  of  many 
of  our  coarser  woven  fabrics,  such  as  sail-doth.  In  India,  hemp 
is  cultivated  for  the  sake  of  the  properties  of  its  leaves,  which 
have  an  intoxicating  power,  resembling  that  of  opium.  This  valu- 
able plant  will  grow  in  almost  any  climate  and  any  scnl ;  the 
country  in  which  it  is  most  cultivated,  however,  is  Russia,  whence 
a  large  quantity  is  annually  imported  into  Britain.  The  amount 
of  hemp  of  foreign  growth,  employed  in  the  country  in  1839,  was 
nearly  one  million  hundred-weight.  The  fibres  are  separated  and 
prepared  very  much  in  the  manner  of  those  of  Flax.  It  is 
curious  that  the  Hemp-plant  destroys  almost  every  other  plant 
that  grows  in  its  neighbouiliood ;  so  that  it  has  been  sometimes 
employed  to  clear  from  weeds  a  tract,  which  is  aftwwards  to  be 
used  for  some  other  kind  of  cultivation.     The  chief  product  of 
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this  order,  that  now  remains  to  be  noticed,  is  Hops ;  this  consists 
of  the  little  scales^  which  form  a  sort  of  cone  like  that  of  the  Ilr, 
haying  a  small  pistilline  flower  at  the  base  of  each ;  these  scales 
are  to  be  regarded  as  bracts.  This  plant,  although  apparently 
truly  wild  in  many  parts  of  the  country,  is  considered  by  some 
to  be  not  a  native  of  Britain,  haying  been  introduced  from  Flan- 
ders about  three  centuries  ago ;  but  it  is  now  yery  extensiyely 
cultiTated,  as  much  as  /5 6,000  acres  being  employed  fot  hop- 
gardens, of  wliich  nearly  all  arc  Bituated  in  the  counties  of  Kent, 
Susaei,  Worcester,  and  Hereford.  The  duty  upon  their  growth 
is  heavy ;  and  the  crop  is  an  extremely  uncertain  one ;  so  that 
the  price  is  frequently  high,  and  is  liable  to  great  fluctuationa. 
In  1837?  the  excise  duty  on  the  Hope  grown  in  England  imount£Kl 
to  neatly  £31K0O0,  of  which  the  county  of  Kent  contributed 
one  half.  Besides  their  use  in  brewing,  hops  may  be  mad o  bct- 
viceable,  through  their  narcotic  properties,  iu  procuring  sleep  ; 
the  use  of  a  pillow  stuffed  witli  them  has  been  much  recom- 
mended in  cases  of  habit aal  wakefulness. 

675.  The  small  order  Piperacejs,  the  P&pper  tribe,  claims 
notice  on  account  of  its  utility  to  Man.  SeYeml  hundred  species 
are  now  known ;  but  they  all  so  closely  resemble  each  other,  as 
to  form  no  more  than  two  genera.  T!iey  are  all  tropical  plants^ 
ahouuding  in  the  hottest  regions  ;  and  they  aM  possess,  in  a 
greater  or  less  degree,  the  pungent  aromatic  principle  famiJiar 
to  us.  The  Exogenous  character  of  the  group  is  by  no  means 
distinct  ;  and  of  it,  with  the  addition  of  Meuispermace^  and  a 
few  other  orders.  Dr.  Lin d ley  has  made  a  separate  class,  which  be 
has  termed  Hmno^mM.  On  the  other  hand,  it  has  been  placed 
by  some  Botanists  anion g  Endogen3,  nioro  especially  as  in 
most  species  there  is  hnt  a  single  cotyledon.  The  structure 
of  the  flowers  ii  extremely  simple^  No  vestige  of  the  perianth 
mmains,  except  a  little  scale,  which  is  probably  to  be  regarded 
as  a  bract;  this  protects  the  organs  of  fructification ^  which 
consist  of  a  one-'^iled  ovarium,  surmounted  by  a  stigma  cleft 
into  two  or  three  divisiouSt  and  surrounded  by  two  or  tbr«o 
stamens  partly  adherent  to  il»     These  simple  flowers  are  clut- 
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tcred  togeClier  in  spikes ;  this  is  also  the  arnuigement  of  the 
ripened  grains,  which  consist  of  the  OTariom  inelosbg  the  seed. 
These  are  known  as  black  pepper;  and  it  is  when  deprired  of 

their    hnsk,    that    they 
oonstitnte  whit§  pepper  ; 
which   is    lesB    pnngent. 
The  annual  crop  of  each 
pepper-plant  varies  from 
half  a  pound  to  a  ponnd  ; 
and  the  whole  quantitj 
collected  everj  year  for 
human    consumption,    is 
prohahljT  not  far  short  of 
Jiffy  nUllion  pounds.     Of 
this  a  much  larger  pro- 
portion is  consumed    in 
tropical  countries,  the  in- 
habitants  of   ^ich   are 
fonder  of  highly-seasoned 
dishes  than  in  Europe; 
nevertheless,   neariy   ten 
million  potmds  are    an- 
nually imported  into  Bri- 
tain, of  which  only  about 
one-fourth  is   consumed 
in  the  country.    Pepper 
from  other  species  forms 
a  small  proportion  of  the 
whole ;  lon^  pepper,  as  it  is  termed,  b  the  unripe  cluster  of 
flowers,   which  has  nearly  similar  properties  with  the  firuit. 
Cayenne  pepper,  as  it  is  termed,— more  property  Oi^)6icum,  is 
the  seed-vessel  of  a  plant  of  an  entirely  di£fecent  natural  order,-* 
that  of  Selaneas. 

676.  We  now  oome  to  a  very  extensive  group,  which  com- 
prehends a  large  proportion  of  the  forest  trees  of  our  own  country 
and  other  temperate  regions, — such  as  the  Oak,  Beech,  Elm, 


Fio.  178— Branch  or  Black  Pams,  trith  qrikei 
of  UDo|MMd flow«n  aboTa,  and  of  tnalt  below;  a, 
portion  of  flower-ston,  with  ttii«e  flowers ;  b,  ainglo 
fruit ;  c,  the  Mine  « 
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Plane,  and  Poplar,  with  the  Birch,  Willow,  and  many  others. 
The  name  given  to  the  order  is  Ambntacb^*,  or  Catkin  trihe, 
on  account  of  the  arrangement  of  the  flowers  in  most  of  the 
species,  forming  what  is  termed  a  catkin  t ;  hut  this  arrangement 


FiOL  179.— I'liicfl-  • 

19  not  universaL  There  is,  indeed,  conHiderahle  Tariety  in  thisj 
reapect,  m  well  as  in  the  degree  of  completeness  of  the  flowers, 
which  sometimes  contain  both  seta  of  organs,  whilst  in  general 
the  stamineous  and  pistilline  flowers  are  distinct,— sometimes, 
even,  being  on  separate  trees.  They  all  agree,  however,  in  the 
simple  structure  of  the  flowers,  as  well  as  in  other  particnlars. 

*  Pnifoi!K>r  Lindlc^  i]m<iei  the  AmentaccK  into  icTtr^l  ordertw 

f  A  calkin  U  n  long  flower-italk  on  which  the  fiovcn  iro  elo»1y  Mt ;  and 

dSfftn   from  ft   Mpike  only  m  tliii,--tliit  the  wUole  falU  off  togtstber,   «  ii  wm 

in  the  Poplir  or  Willow* 
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Pro.  180.— CATKint  or  Birch. 


When  the  stamineouB  flowers  are  distinct,  they  are  generaUj 

destitute  of  perianth,  but 
the  stamens  spring  firom  a 
sort  of  scaly  disk ;  they 
are  usually  clustered  to- 
gether, either  on  a  long 
stalk,  forming  a  catkin^  or 
on  a  sort  of  head.  The 
pistilline  flowers  com- 
monly possess  a  perianth 
in  one  whorl ;  they  are 
sometimes  solitary,  and 
sometimes  arranged  on  a 
catkin.  What  may  be 
regarded  as  the  most  cha- 
racteristic structure  of  the 
group,  is  seen  in  thePop- 
lar  and  WUhw.  In  these, 
the  stamineous  flowers 
are  on  one  plant,  and  the  pistilline  on  another ;  and  both  are 
arranged  in  catkins.  Each  of  the  former  consists  of  a  little 
bract,  protecting  one  or  many  stamens ;  and  each  of  the  latter 
consists  of  a  nearly  similar  bract,  on  which  is  set  a  one-celled 
OTarium  containing  many  ovules.  The  fruit  opens  by  two 
▼alves,  which  discharge  a  multitude  of  small  seeds^  coTered  with 
fine  hair  or  wool,  like  the  seeds  of  the  Cotton  plant.  The 
Willow  has  no  trace  of  a  real  calyx;  but  the  Poplar  has  a 
sort  of  membranous  cup,  which  may  be  considered  as  the  rudi- 
ment of  one. 

677.  A  nearly  similar  structure  is  seen  in  the  common  Htud; 
in  which,  however,  the  two  kinds  of  flowers  are  arranged  on  the 
same  tree ;  and  the  fruit  more  resembles  that  of  the  Oak,  The 
stamineous  flowers  grow  in  catkins ;  but  the  pistilline  flowers 
grow  near  these,  clustered  together  within  a  scaly  envelope,  which 
looks  like  a  little  bud.  At  the  time  when  the  stamens  are  shed- 
ding their  pollen,  the  clusters  will  be  recognised  by  the  little  red 
threads  protruding  from  their  points,  which  are  the  stigmas. 
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The  OTariam  will  be  found  carefully  inclosed  in  the  scales  of 
which  the  bud  consists,  and  protected  by  a  quantity  of  soft  hair. 
The  ovarium  contains  two  cells,  with  an  OYule  in  each ;  but  only 
one  of  these  usually  comes  to  perfection.  The  fertilisation  of 
the  seed  is  insured  by  the  immense  quantity  of  the  pollen  dis- 
charged  firom  the  numerous  anthers,  which  settles  upon  every- 
thing around  as  a  fine  dust.  Each  pistil  has  a  sort  of  imperfect 
calyx  arising  abat^  the  ovary,  tlie  remains  of  wliicli  may  be 
traced  at  the  point  of  tlie  nut ;  but  it  ii  also  inclosed  in  an 
invo lucrum  of  bracts,  which  increases  as  the  fruit  ripens^  and 
almost  envelops  it,  forming  the  husk  of  the  nut.  When  the 
spring  is  mild,  all  the  nvaria  are  fertilised^  and  the  nuts  ripen  in 
clustf^rs ;  but  in  cold  springs  it  often  happens  that  some  of  the 
pistilline  flowers  are  destroyed,  so  that  only  single  nuts  are 
found  in  the  place  of  the  clusters^     In  the  Oak  and  Beech  tite 

calyx  is  nmch 
^  N  *aJQiUfc  moT%    definite ; 

and  the  inirola- 
crum  is  very 
peculiar  in  its 
etnigtur^,  hard- 
ening into  the 
well-known  <:«;) 
of  the  Acorn, 
Beech- mast,  &c. 
The  cells  and 
ovnlei^  con  tain - 

are  frequently  numerous ;  but  only  oue  seed  naually  cornea  to 
perfection, 

678,  The  importance  of  tliie  order,  on  account  of  the  valuable 
timber  which  it  yields,  is  &o  well  known,  that  it  need  not  be  here 
dwelt  upon.  It  may  be  well  to  mention,  however,  that  in  pro- 
pagating the  various  species,  great  care  should  be  taken  to  select 
tboae  whose  wood  b  moat  durable.  There  is  a  remarkable  differ- 
ence in  this  respect,  between  two  species  of  Oak,  which  ore 
ofjtnmonly  grown  in  this  country.     Of  one,  which  has  the  aoani' 
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sUlks  hng^  and  the  leaves  9horty  the  tinbtr  is  cloee-grainod,  solid; 
and  not  liable  to  rot ;  whilst  the  other,  which  has  the  acorR-«talks 
9kart^  and  the  leaves  hmg^  affurds  a  wood  of  much  looser  texture, 
very  apt  to  decay.  The  former  is  the  Old  EUiglish  Oak,  of 
which  those  ancient  fisbrics  are  oonstructed,  that  have  resisted 
the  ravages  of  time  for  many  hundred  years.  The  latter  was 
probably  introduced  from  the  Continent  about  three  hundred 
years  since ;  and  being  more  easily  propagated,  and  of  quicker 
growth  than  the  other,  it  has  be«n  latterly  substituted  for  it, 
especially  in  the  New  Forest,  in  the  Northern  counties,  and  in 
the  neighbourhood  of  London.  It  is  not  unlikely  that  the  late 
prevalence  of  dry-rot  in  our  dock-yards  is  partly  due  to  this 
cause. 

679.  Next  to  timber,  the  most  important  product  of  this 
order  is  Cork^  which  is  a  portion  of  the  bark  of  a  speoies  of  Oak 
common  in  the  South  of  Europe.  This  peculiar  substance,  which 
consists  entirely  of  cellular  tissue,  exists  in  many  trees  ;  but  it  is 
most  abundantly  found,  and  most  quickly  renewed,  in  this  one. 
The  cork  is  first  taken  off  when  the  tree  is  about  fifteen  years 
old,  and  the  next  crop  is  removed  ten  years  after ;  these  two, 
however,  are  of  little  value,  being  thin  and  full  of  fissures. 
Afterwards  the  operation  is  repeated  every  eight  or  ten  years  ; 
and  a  tree  thus  barked  will  live  a  hundred  and  fifty  years. 
The  importance  of  the  secretions  oiiannin  undgalUc  add,  which 
are  afforded  by  the  bark,  aoom-cups,  and  gall-nuts  of  this  order, 
has  been  formerly  dwelt  on  (§.  365  and  399).  Willow  bark 
contains  a  bitter  principle,  which  has  been  used  in  medicine  as  a 
substitute  for  that  obtained  from  the  Peruvian  Bark.  The 
Myrica  cerifera^  or  Wax-plant  of  North  America  (§.  381),  is  a 
species  of  this  order,  allied  to  the  Gale  or  Dutch  Myrtle  of  this 
country. 

680.  The  last  order  to  be  noticed  in  this  group,  differs  so 
remarkably  from  all  the  rest,  and  in  fact  from  all  other  Exogens, 
that  some  Botanists  consider  it  in  the  light  of  a  separate  class. 
This  is  the  order  Conifbrjb,  all  tlie  members  of  which  are  dis- 
tinguished by  their  fructification  ;  this  having  the  form  of  <xm«f, 
of  which  those  of  the  common  Fir,  Larch,  &c.,  are  examples. 
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These  cones  consist  of  a  number  of  thick  hard  scales,  which  are 
adherent  together  until  the  organs  of  fructification  are  nearly 
mature,  when  thejr  separate,  so  that  the  structure  of*  the  parts 
within  can  be  distinguished.  At  the  bottom  of  each  of  these 
scales  are  two  ovules,  which  are  not  enclosed  in  anjrthing  like  a 
seed-vessel.  Hence  these  are  the  only  truo  naked-seeded  or 
gymnoipennmu  Exogens ;  and  the  peculiarity  is  a  very  striking 
one.    The  dense  scales  were  formerly  considered  as  bracts ;  but 


I16'« 


Pro.  188.^IirvLoiiitcBncB  ot  Aam  kzouuu.    o.  Mile  OAtUn.   *.  AnthMV  d^eddlDff 
its  pollen,   c  Female  catkin,    d.  Scales  of  female  catkin,  e.  Scale  of  ripe  cone.  /.  Seeds. 

little  bracts  may  be  often  found  at  their  base ;  and  they  are  now 
regarded  as  the  carpellary  leaves,  which  have  not  folded  in  t^ 
enclose  the  ovules  (§.  462).  The  stamineous  flowers  are  arranged 
in  catkins,  much  resembling  those  of  the  last  order.  The  pollen 
grains  fall  directly  upon  the  open  points  of  the  ovules ;  so  that 
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the  process  of  fertilisation  is  here  as  direct  as  it  poastblj  can  be. 
The  seed  is  remarkable  (or  haviog,  in  many  species,  a  sort  of 
Tertioil  of  cotyledons  instead  of  two  00I7 ;  but  these  arise  in  the 
same  manner  as  the  two  which  we  find  in  other  Dicotyledonous 
plants,  and  may  be  regarded  in  the  same  light  as  leaves  which 
present  a  corresponding  sub-diyision  (§.  235). 

681.  The  ConiferoB  certainly  present  the  nearest  approach  to 
Cryptogamia,  which  we  anywhere  find  in  the  class  of  Exogens. 
Their  organs  of  fructification  are  reduced  to  the  simplest  form 
they  can  possess,  whilst  still  maintaining  the  charact*  which 
distinguishes  the  reproductive  process  in  Flowering-plants. 
(§.  432).  In  the  mode  of  growth  of  their  stems,  they  are  clearly 
Exogenous ;  differing  from  other  trees  of  that  class  in  little,  ex- 
cept that  they  do  not  possess  ducts,  and  that  their  woody  fibre 
is  of  large  diameter,  and  possesses  glandular  dots  (§.  78).  It  is 
extremely  interesting  to  be  able  to  prove,  by  examination  of  such 
minute  points  of  structure,  the  real  nature  of  those  vast  depositee 
of  Coal,  which  have  long  been  a  source  of  perplexity  to  those 
who  interest  themselves  in  inquiries  into  the  history  of  our  globe. 
Although  in  most  instances  the  structure  of  Coal  has  been  so 
much  altered,  by  the  combined  agency  of  water,  heat,  uid  pres- 
sure, that  it  cannot  be  clearly  distinguished,  pieces  may  not  un- 
frequently  be  found,  in  which  it  is  very  evident,  when  examined 
with  the  Microscope.  It  is  then  seen  to  correspond  with  Ck)ni- 
ferous  wood,  both  in  the  characters  which  have  been  just  men- 
tioned, and  also  in  the  presence  of  a  number  of  little  receptadee 
for  secretion,  in  which  a  fluid  is  contained.  This  fluid  may  be 
separated  by  distillation  at  a  temperature  beneath  that  of  boiling 
water  ;  and  it  is  found  to  be  identical  with  Oil  of  Turpentine. 
It  has  been  supposed,  from  the  abundance  of  these  remains  of 
Pine  forests,  and  from  the  absence,  in  the  same  deposites,  of  the 
remains  of  wood  belonging  to  higher  tribes  of  Plants,  whilst  the 
stems  and  leaves  of  Tree-ferns  have  been  most  perfectly  pre- 
served, that  none  of  those  higher  tribes  existed  on  the  Earth's 
surface  at  that  period.  This  inference,  however,  must  not  be 
relied  on ;  for  it  has  been  found,  by  placing  pieces  of  various 
kinds  of  wood,  with  Fern-leaves,  and  other  Cryptogamic  struc- 
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tares,  to  decay  together  in  water,  that,  whilst  all  traces  of  Oak, 
Elm,  Beech,  and  other  hard  woods  were  lost,  the  Coniferous 
woods  could  be  distinguished,  as  could  also  the  Palms ;  whilst 
the  Ferns  underwent  little  alteration.  If  such  a  process  took 
place,  as  is  probable,  at  a  former  period,  the  remains  would  be 
just  what  we  find  them ;  although  many  of  the  more  perfect 
Ehcogens  might  haye  contributed  to  form  them. 

682.  The  various  species  f>f  this  order  are  distributed,  ai  is 
weU  known,  oTcr  the  whoh  globe  ;  but  they  principally  abound 
m  temperate  latitudes,  and  Henrisb  on  the  aides  of  lofty  hills, 
where  no  otber  trees  will  grow.  They  are  of  great  service  in 
tendering  ground  fertile  for  other  kind  of  vegetation,  by  the  decay 
of  their  leayes  and  resinous  excretionSf  at  the  same  time  that 
they  are  themselves  a  source  of  profit.  Some  species  grow  to  an 
enormous  height, — ^as  much  as  ^0  feet^  with  a  perfectly  stratght 
stem.  Every  one  is  acquainted  with  the  value  of  deal  timber,  on 
account  of  its  combination  of  softness  with  elasticity  and  firm- 
nese,  the  si^  at  which  it  may  be  readily  obtained,  the  ea^  with 
which  it  may  be  worked.  The  greatest  part  of  that  which  is 
used  in  this  country^  is  brought  ©itfier  from  Canada^  or  from 
Sweden,  Norway,  and  Russia ;  the  latter,  which  is  culled  Baltic 
timber,  is  of  the  best  quality,  but  is  partly  kept  out  by  a  heavier 
duty.  The  total  quantity  imported,  b  probably  a  great  deal 
more  than  a  million  loads  per  annum, — by  far  the  most  bulky 
product  which  is  brought  to  this  country ;  the  amount  contri- 
buted to  the  revenue  by  Uie  duty  paid  on  it,  is  about  a  million 
and  a  half  eterling  annually. 

G83.  The  general  characters  of  the  foregoing  orders  are  so 
d  instinct,  that  they  will  not  be  made  more  erideDt  by  being  ar- 
ranged in  a  table. 
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684.  The  number  of  orders  belonging  to  this  dirisioB  of  the 
Phanerogsmis  is  madi  less  than  that  of  the  Exogenous  class ; 
and  many  of  these  are  of  little  importance  to  Man.  Thore  isone, 
however,  which  surpasses  aU  others  in  the  benefits,  direct  and 
indirect,  which  the  human  race  derives  firom  it.  This  is  not,  as 
might  be  imagined,  an  order  consisting  of  lofty  trees,  whose  stems 
and  branches  afford  valuable  timber,  whose  fhiits  serve  as  wholes 
some  and  nutritious  food,  and  whose  juices  possess  properties  that 
render  them  valuable  as  medicines ;  but  a  tribe  coi^ning  ferw 
save  humble  and  apparently  insignificant  plants,  undistinguished 
either  by  the  beauty  of  their  flowers,  the  fragrance  of  their 
odours,  or  the  delicacy  of  their  leaves ;  and  having  nothing  ia 
their  general  aspect,  which  could  afford  the  slightest  indication 
of  their  value.  This  order  is  that  of  the  Grasses,  which  affords 
to  Man  his  entire  supply  of  the  most  nutritious  of  all  vegetaUe 
substances,  and  on  which  are  almost  entirely  supported  the 
domestic  uiimals  which  he  rears  for  the  food  they  yield,  and  for 
the  other  valuable  products  derived  from  them.  We  shall  here- 
after find,  that  this  order  ranks  very  low  in  the  scale,  oonsidered 
in  regard  to  its  structure  alone ;  and  it  is  interesting  to  observe, 
in  this  as  in  so  many  other  instances,  the  apparently  insignifioant 
means  which  the  AU-Wise  Creator  employs  to  effect  objects  of 
the  greatest  magnitude.  It  will  be  remembered  that,  in  the 
class  of  Endoobns,  the  parts  of  the  flower  are  generally  arranged 
in  threei^  not  infmn  or fivei, 

685.  The  first  order  to  be  noticed  is  a  small  one,  containing 
the  British  aquatic  pluits  named  Frog-bit  {Hydroeharii)  and 
Water  Soldier  {StratioUi%  as  well  as  many  foreign  species,  espe- 
cially in  North  America  where  it  is  most  common ;  the  first- 
named  of  these  plants  may  be  regarded  as  the  type  of  the  group, 
it  is  named  after  it  Htdrocharidbjb.  The  Frog^Ut^  (some- 
times formerly  called  the  lesser  Water-lily,  from  its  supposed 
resemblance  to  the  plants  of  the  order  NymphacesB,)  is  common 
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in  many  ditches  and  ponds  in  this  country ;  it  has  long  stems 
which  float  on  the  water,  sending  down  roots  at  intervals  below, 
and  erecting  its  leayes  and  flower-stems  a  little  aboTe  the  sur- 
fooe.  The  Teins  of  the  leaves  run  nearly  parallel  from  the  foot- 
stalk to  the  apexy  and  are  united  by  little  cross  bars.  The 
itttniiniferoBa  and  pistUUfcrous  flowers  are  here  disimct;  th© 
furmer  are  ©ometimea  called  barreji  flowers  in  botanical  works, 
because  they  do  not  befir  seeds,  whilst  the  latter  are  spoken  of 
m  ihQ/eriile  flowers.  This  is  an  incorrect  application  of  terma^ 
eince  the  pistiUiferous  flowers  can  no  more  produce  seed  ^ntbout 
the  pollen  of  the  st^bminiferousi  than  the  latter  can  without  the 
ovuleB  of  tlje  former.  In  botli  kinds  of  flowera,  we  find  a  calyx 
of  three  sepals,  sufronnding  a  corolla  with  three  petals*  In  the 
Frog-bit  tliere  are  nine  itamens,  disposed  in  three  rows,  on  the 
one  flower;  and  within  these,  three  imperfect  styles;  but  in 
other  ^ecies,  the  number  of  stamina  is  indefinite.  The  other 
flower  h  destitute  of  stamens,  and  has  an  inferior  oTarinm^ 
eonsisting  of  six  adherent  carpels,  with  separate  styles  and 
stigtnas,  each  carpel  containing  numerous  ovules.  In  some 
the  order,  the  partitions  dividing  the  seed-vessel  give  way,  so 
that  the  ovarium  contains  but  a  single  cell, 

686.  The  Siratioi^^  which  has  been  so  named  fipom  its  s word- 
shaped  leaves  and  its  fancitsd  military  appearance,  is  a  very  orna- 
mental aquatic.  It  remains  submerged  during  the  greater  part 
of  the  year,  but  raises  itself  to  the  surface  on  special  stalks  during 
the  flowering  season,  by  means  of  which  contrivance  the  pollen 
may  be  scattered  upon  the  stiguiata-  A  stitl  more  curious  means 
of  effecting  this  olyect  is  met  with,  however^  in  another  plant  of 
the  order,  the  P'otlmim-ia.  This  plant,  unlike  the  two  already 
named  J  which  prefer  still  waters,  grows  in  rivers  and  rapid 
streams,  of  which  the  level  is  undergoing  Sequent  and  consider- 
able variations.  Now  it  is  essential  to  the  well-being  of  the 
plant,  both  in  regard  to  the  fertilisation  of  the  seed  and  the 
ripening  of  the  ovule,  that  the  pistilline  flowers,  from  the  time 
of  their  expansion,  should  be  kept  on  the  surface  of  the  water, 
and  secured  from  frequent  snhmersion.     This  is  effected  by  a 
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Tery  cnrious  ooDtrivance.  They  are  themselves  so  oonstnicted 
M  to  be  lighter  than  water,  and  they  are  mounted  on  long  oork- 
screw-like  stalks,  which  are  endowed  with  elasticity  enough  to 
enable  them  to  extend  when  the  surface  of  the  water  rises,  just 
like  a  spiral  spring  when  it  is  stretched  out ;  whilst  these  con- 
tract again  as  the  water  sinks,  so  ns  still  to  keep  the  flower  in 
close  apposition  with  the  plant.  But  the  staminiferoos  flowers 
have  no  such  provision ;  and  as  these  grow  from  the  part  of  the 
plant  which  is  continually  submerged,  it  would  not  seem  evident 
how  they  are  to  oome  into  proximity  with  the  others,  more 
especially  as  they  commonly  grow  from  separate  roots.  It  has 
been  observed,  however,  that,  when  the  pollen  is  mature,  and 
the  anthers  are  ready  to  burst,  the  flowers  producing  it  detach 
themselves ;  and,  rising  by  their  lightness  to  the  surface  of  the 
water,  they  mingle  with  those  already  floating  there,  and  die- 
charge  upon  them  their  poUen,  as  soon  aa  their  petals  are  ex- 
panded under  the  influence  of  the  sun.  It  has  been  further 
observed  that,  when  the  seeds  are  ripened,  the  apiral  peduncle 
again  contracts ;  and,  carrying  down  the  capsule,  buries  it  in 
the  mud. 

687.  The  pknts  of  this  order  are  found  in  the  ponds  and 
streams  of  most  countries ;  scarcely  any  of  them,  however,  have 
been  applied  to  any  useful  purpose ;  and  none  are  characterised 
by  any  remarkable  properties. 

688.  Another  small  order  of 
aquatic  Endogens  is  the  one  to  which 
the  SagiUaria  (§.  227)  belongs ;  it 
also  includes  a  still  more  common 
plant,  the  Alisma  Plantago^  or 
Water  Plantain,  from  which  the 
name  of  the  order,  Alismacbjb,  is 
derived.     These  are  alike  in  most 

.        .        .,  . .  -    ,,  Fro.  183.  — Flowsr   or  AutiiA 

respects,     m    tne    structure    of    tue    Plamtaoo.  with  the  ooroUareownf^, 

parts    of    fructification  ;    but    the  ?*»^  ***"*  •^  "fjS^  "* 

*^  .    .       '  six  stamens;  a.  nndeTeloped  stamen. 

former  has  the  pistilhne  and  stami- 

niferous  flowers  distinct  (hence  belonging  to  the  Linnssan  class 
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Monoecia),  whilst  the  latter  has  the  two  sets  of  organs  united  in 
each  fLow&e  (and  hence  belongs  to  the  Linnsdan  class  Hexandria) : 
the  former  also  has  more  stamens  than  the  latter.  The  Water 
Plantain  has  oblong,  heart-shaped,  pointed  leaves,  marked 
with  about  seven  nearly  parallel  ribs  or  principal  veins:  imd 
these  are  united  by  cross-bars,  so  that  a  kind  of  network  is 
farmed.  The  calyx  conflists  of  three  dig  tin  ct  gret^n  sepals  ;  and 
the  corolla  of  tl»ree  delicate  pink  or  white  petab*  There  are 
six  stamens  in  this  species  of  Alisma,  fw?(?  placed  opposite  ^acli 
sepai ;  so  that  there  must  cTidently  Iw  sotne  portion  of  the  flower 
deficient;  since  neither  of  these  stamens  corresponds  with  the 
centre  of  the  sepal,  as  it  should  truly  do»  but  each  with  one  of  its 
edges*  Upon  a  more  niinute  examination,  a  little  glandular 
body  may  be  found  at  the  base  of  each  sepal ,  and  between  eaclt 
pair  of  fitamens;  this  is  obviously  a  rudimentary  stamen  ^  and 
til  us  the  whole  form  an  undeveloped  whorl,  perfectly  opposite  to 
the  sepals.  But  neither  of  the  six  stamens  fitand  opposite  the 
petals,  as  one  whorl  should  do  if  the  flower  were  regular;  so 
that  wo  must  imagine  the  rudiments  of  another  row  to  exist  in  a 
state  of  still  mor©  complete  want  of  development.  In  reality, 
theUj  the  flower  of  Alisma,  Bltbough  containing  six  stamens^  or 
two  whorls  only^  must  be  regarded  a^  constructed  upon  the  plan 
of  twDWe  stamens  in  four  whorls,  of  which  the  outer  can  only  be 
traced  in  a  rudimentary  state,  the  second  being  entirely  deficient, 
and  the  two  inner  ones  only  being  apparent.  This  scheme  of 
finppression  of  parts  may  be  expressed  tims ; — 


1  Sep. 

2  Pet. 

3..p. 

Pet. 

Sep. 

Pet, 

3      f 

i 

s 

4                                 Q 

0 

Q 

b     ti 

»t 

■1 

G          It 

It 

■tn. 

The  first  line  represents  the  position  of  the  sepals ;  the  second 
that  of  the  petals  alternating  with  them ;  the  third  that  of  thd. 
rudimentary  stamens  opposite  the  centre  of  the  sepals ;  the  fourth 
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thai  of  the  deficient  itamene,  which  should  be  opposite  to  the 
petab;  and  the  fifth  and  rixtb,  the  rows  aotnally  present,  die 
position  of  which  does  not  properly  ooirespond  with  that  of  the 
outer  whorls  of  the  flower.*  Now  this  view  of  the  mattei^  which 
may  be  considered  Ibioed  and  qpecnlative,  is  Tery  interesting 
when  it  is  compared  with  the  fact,  that  the  tendency  to  the  pro- 
duction of  one  or  two  additional  whorls  of  stamens,  which  have 
been  inferred  to  exist  in  this  instance,  is  actually  manifested  in 
other  species  of  Alisma,  one  of  which  has  nine,  and  another 
twelTC  stamens.  Had  the  six  stamens  been  in  the  position 
represented  in  the  third  and  fourth  lines,  there  would  ha^e  been 
no  reason  to  suppose  that  any  more  existed  in  an  undeyeloped 
state,  or  that  the  plant  was  likely  to  be  allied  to  any  with  9  or 
12  of  these  organs.  The  ovaries  of  the  Alisma  Plantago  consist 
of  about  twenty-four  (eight  times  three)  carpels,  which  are  quite 
distinct  Iran  eadi  other,  every  one  having  its  own  style  and 
stigma ;  they  are  arranged  in  a  somewhat  triangular  manner,  in 
three  dusters.  The  number  varies  in  other  species,  and  may  be 
regarded  as  indefinite.  In  most  instances,  there  is  but  one  ovule 
in  each  cell ;  and  the  fruit  consists  of  a  triangular  head  of  dry 
one-seeded  nuts,  vei^  much  resembling  that  of  the  BanunculaoesB. 
From  the  aquatic  species  of  that  order,  indeed,  in  which  the 
veining  of  the  leaves  departs  firom  the  regular  Exogenous  cha« 
raster,  and  the  parts  of  the  flower  are  arranged  in  threes,  this 
group  is  not  hx  distant ;  and  this  is  one  of  the  instances  whidi 
show  that  even  the  most  positively  defined  groups  are  liable  to 
approach  one  another,  through  aberrant  forms,  in  which  the 
characteristic  peculiarities  of  each  are  shaded  oS,  until  they 
almost  blend  together. 

689.  Some  Botanists  separate  firpm  this  order  the  Butamm 
or  Flowering-Bush,  and  its  allies,  on  account  of  their  many- 
seeded  follicles,  to  the  whole  inner  sur&ce  of  which  the  seeds 
are  attached ;  this  plant   receives  its  scientific  name  (which 

•  Thb  view  Is  given  on  the  aothority  of  Dr.Liadlej;  If  the  idea  formerly 
ftugfested  (§.  803),  howeyer,  should  prove  well-founded,  u  to  the  porU  of  a 
Tertudl  being  often  formed  bj  a  single  leaf,  a  much  simplar  explanation  of  the 
double  row  of  stamens  may  be  adopted. 
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means  cnt-mouth)  from  the  injury  done  by  the  sharp  leaves 
to  the  months  of  the  cattle  that  browse  upon  them.  There 
is  a  marked  difference  in  the  properties  of  the  two  groups ;  for 
the  British  species  of  Butomus  is  one  of  the  most  acrid  of  our 

plants,  its  leaves  being  sometimes 
uaed  m  a  purgative;  while t  the 
Alismacese  ate  much  less  so,  their 
rhlzoma  or  horizontal  stem,  which 
is  fleshy  in  some  apeciefl,  being 
eaten  b&  food  by  the  Tortare  and 
Chinese. 

G90.  The  next  two  orders,  both 
conaiarting  of  aquatic  plants,  may 
be  conAiiered  aa  presenting  »  near 
approach  to  the  aquatic  Crypto- 
gam ia  in  general  structure  ;  and 
some  species  are  Tery  like  Algsa 
in  external  aspect.  They  ar^ 
FiQ.  lB4.--Blm>HlI^  ^^^^^^^  separated  from  them,  how- 

ever, by  their  orgaiia  of  fructification  ;  but  these  seem  reduced 
to  almost  their  simplest  possible  form.  In  the  common  Duek^ 
treed,  for  example,  of  which  almost  every  pond  will  supply 
us  with  speeimensj  tJie  wholo  plant  consists  of  a  little  green 
scale,  looking  like  a  leaf,  but  really  a  compound  of  stem  and 
leaf,  from  ths  under  side  of  which,  as  it  floats  on  the  water, 
hangs  down  a  single  root*fibre.  Few  persons  are  aware  that 
the  Duckweed  ever  flowers ;  indeed  there  are  some  kinds  which 
appear  to  reproduce  themselves  only  by  buds,  as  no  organs  of 
fructification  can  be  detected ;  but,  if  properly  sought  for,  the 
flowera  of  this  little  plant  may  usually  be  seen  in  the  mouths  of 
June  or  July.  If  the  eyes  be  attentively  fixed  on  a  mass  of  it, 
on  a  still  sunshiny  day^  a  few  minote  straw-coloured  specks  may 
very  probably  be  discovered  here  and  there  upon  the  edges  of 
the  phmta  |  they  have  a  sparkling  appearance,  which  attracts 
observatiori.  These  are  the  anthers ;  and  if  the  plants  posSMs- 
ing  them  ha  more  carefully  examined,  especially  under  a  micro- 
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scope,  the  whole  flower  will  come  into  view,  haying  been  pre- 
Yiously  hidden  in  a  slit  in  the  edge  of  the  scale.  The  inflo- 
rescence consists  of  a  transparent  membranous  bag,  having  a  split 
on  one  side,  through  which  the  two  stamens  of  the  stamineoos 
flower  pass  out;  and  within  is  also  a  pistilline  flower  with  a 
single-celled  ovary,  having  a  single  style  and  stigma.  The 
sh^th  that  incloses  these  is  probably  to  be  regarded  as  a  large 

bract  or  spathe,  like  that 
which  will  be  particularly 
described  in  the  Arum  tribe. 
Such  are  the  means  by  which 
this  little  plant  propagates 
itself,  which  it  sometimes 
does  with  amazing  rapidity. 
The  Duckweed  is  so  named, 
from  its  being  a  favourite 
article  of  food  with  water- 
fowL  It  is  the  only  genus 
Pio.  186.-A,  scALc  oir  DucKiTiBo,  with  of  ite  kind  knovm  in  Europe  ; 
flower  a  at  ito  edge.  B,  tm  pix>iru  bbfa-  ^nd  from  its  Scientific  name, 

Lemnaf  the  group  of  which 
it  may  be  considered  as  the  type,  is  called  Lbmnacejb.  In  tro- 
pical countries,  the  surface  of  the  water  in  ponds,  tanki^  Ibc,  is 
often  covered  with  a  sort  of  gigantic  Duckweed,  tamed  PMa  ; 
this  has  acrid  properties,  with  which  it  is  said  to  impregnate  the 
water  to  such  a  degree,  as  to  make  it  unwholesome.  Neither 
lAouta  nor  Pittia  have  spiral  vessels ;  so  that  in  this  respect 
they  might  be  associated  with  Cryptogamia. 

691.  In  the  order  NAiADBiB,  we  have  almost  as  near  an 
approach  towards  flowerless  plants;  they  are  believed  to  be 
equally  destitute  of  true  spiral  vessels ;  and  they  possess  no  dis- 
tinct cuticle.  In  their  general  form  and  habits,  many  of  them 
strikingly  resemble  Algss ;  from  which,  however,  they  are  at 
onoe  distinguished  when  in  flower.  Of  the  British  species,  this 
resemblance  is  the  strongest  in  the  Zo$t&ra  marinoy  or  Grass- 
wrack,  which  is  abundant  on  many  parts  of  our  coasts,  and  in 
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the  creeks  and  salt-water  lakes  that  pass  inland.  It  is  used, 
where  it  is  common^  for  packing  glass  bottles  and  earthenware ; 
and  also  in  cottages  for  making  beds  uid  cushions.  The  Pond- 
weed  (FotamogeUm)  of  which  a  large  number  of  species  exist  in 
Britain,  is  another  plant  of  this  order ;  its  roots  are  fed  on  by 
svvana,  wJiich  devour  them  witli  avidity,  whilst  its  seeda  ara  a 
favourite  article  with  ducks.  One  apeciea  Ib  said  to  grow  in  tb© 
Swiss  lakes  to  the  Itngtli  of  from  ten  to  twenty  fathoms,  forming 
as  it  were  extensive  aubaquatic  fores ts»  in  those  vast  natural 
reservoirs;  in  Siberia  the  roots  of  the  species  which  most 
abounds  ther%  are  used  as  food  by  Man.  The  flowers  of  the 
plants  of  this  order  have  a  calyx  and  corolla,  each  consisting  of 
two  little  scales,  which  very  early  fall  off,  and  occasionally  are 
altogether  absent.  Borne  species  are  moncecious,  whilst  otliers 
possess  complete  flowers.  The  stamens  and  carpeb  exist  in  a 
small  definite  number;  but  thia  varies  in  the  different  species. 
lu  pQtamogUon  there  are  in  each  flower  four  anthers,  which,  not 
being  elevated  upon  filaments,  are  said  to  be  sessile  ;  and  four 
ununited  carpels,  which  bwome  four  small  nuts.  On  the  other 
band,  Zostera  is  moutBcious-  The  plants  of  this  order  are  most 
abimdant  in  countries  beyond  the  tropics,  altliough  they  are  also 
found  near  the  equator.  Potamogetons  exist  in  almost  every 
ditch  and  swamp,  as  far  north  as  Iceland. 


Order  OECHiDEiE,  or  Dr^Mt  Tr^. 

692.  The  plants  associated  with  the  common  OrcAk  in  this 
order  J  exhibit  some  of  the  most  curiously*  interesting  modifica- 
tions of  structure,  that  any  group  in  the  vegetable  world  affords* 
Most  of  them  are  remarkable  for  the  resemblance  between  their 
oddly-shaped  flowers,  and  various  objects  with  which  they  may 
be  compared;  thus  two  species  of  this  country  are  known  as  the 
Bee- Orchis  and  the  Fly- Orchis,  from  the  similitude  between 
their  flowers  and  those  insects ;  whilst  others  are  known  as  the 
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Mao-Orohii^   the  Lisard-Orchis,  and  the  Lad/s  Slipper.     In 
some   foreign  species  there  is  ma 
equally  strong  resembUnce  to  large 
and  splendid  Butterflies  and  other 
Insects;    one,   again,  raninds  the 
observer  of  a   grinning  monkey; 
whilst  another  resembles  an  opera- 
dancer    suspended    by    the    head. 
The  accompanying  figure  represents 
the    Bpider-Orohis,    in  which  the 
likeness  to  the  body  of  that  animal 
is  very  striking.     The  Orchidesd  of 
Europe  grow  on  the  ground^)    in 
meadows,  marshes,  or  woods ;  and 
they  are  justly  considered  as  among 
the    most    curious    and    beautiful 
plants  of  its  Flora.     But  it  is  in 
tropical  countries,  in  damp  woods, 
or  on  the  sides  of  hills,  in  a  serene 
and  equal  climate,  that  they  are 
seen  in  all  their  beauty.     ^Seated 
on  the  branches  of  living  trees,  or 
resting  among  the  decayed  bark  of 
fijlen  trunks,  or  running  over  mossy 
rocks,  or  hangmg  above  the  head  of  the  admiring  traveller,  sus- 
pended from  the  gigantic  arm  of  some  monarch  of  the  forest^ 
they  develop  flowers  of  the  gayest  colours,  and  the  most  varied 
forms,  and  often  fill  the  woods  at  night  with  their  mild  and 
delicate  fragrance.    For  a  long  time  such  plants  were  thought 
incapable  of  being  made  to  submit  to  the  care  of  the  gardener ; 
and  Europeans  remained  almost  ignorant  of  the  most  curious 
tribe  in  the  whole  vegetable  kingdom.     But  it  has  been  dis- 
covered of  late  years  that,  by  care  and  pen>«verance, .  they  may 
be  brought  to  as  much  perfection  in  a  hot-house  as  they  acquire 
in  their  native  woods ;  and  they  now  form  the  pride  of  the  best 
collections  in  England.''^    It  is  chiefly  in  the  almost  impenetrable 
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foreste  of  South  America  that  the  epiphytic  species  (those  that 
grow  upon  the  sur&ce  of  trees)  are  found ;  but  in  the  hot  damp 


parts  of  the  East  Indies,  other  kinds  aro  Tery  abundant.  Some 
epiphytic  species  are  known  as  air^pkfita,  from  thetr  power  of 
vegetating  when  simply  suspended  in  tlie  air,  without  any  soil 
or  any  direct  supply  of  water,  supported  only  by  the  moisture  of 
the  atmoaphcro ;  so  that,  when  hung  up  by  strings  from  the 
ceiliug  of  a  rooni,  they  will  live  for  weeks  and  even  months,  and 
will  go  on  bloaaoraing  Inxuriantly*  Hence  they  are  some  of  the 
moat  favourite  ornaments  of  the  houses  in  China  and  Japan,  of 
whicli  coautries  they  are  natives* 

693.  As  the  atructure  of  tbe  flower  is  that  which  is  most 
peculiar  in  this  group^  we  shall  proceed  at  once  to  a  description 
of  it.  The  short  peduncle  on  which  the  flower  seems  to  be 
bome^  is  in  reality  its  ovarinm,  the  position  of  which  is  mf&rm 
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is  this  order,  whilst  its  form  is  slender.    This  contains  but  ooe 

cell,  having  three  parietal 
placentas,  from  each  of 
which  arise  a  great  num- 
ber of  ovules.  On  ex- 
amining the  leafj  parts  of 
the  flower,  thej  are  seen 
to  be  six  in  number,  very 
irregularly  disposed.  The 
three  external  ones,  which 
are  considered  as  the 
se|>als  of  the  calyx,  are 
seen    in     the    adjoining 

Pio.  188.— A.  njowmn  or  Bnon.  ORCHia.  much    fiaure    (A)    pointiniT   UO- 
cnlargod;  B,ADUBiucKTAirrRn  and  griouA,  much       °    -  i  T    .1         <% 

eniATied.  waros  and  to  the  sides; 

the  two  lateral  ones  in 
some  species  rise  towards  each  other,  and  even  meet  and  adhere, 
forming  a  sort  of  helmet-shaped  arch,  from  beneath  which  the 
other  parts  of  the  flower  project.  The  petals  are  also  three,  one 
of  them  being  very  much  larger  than  the  other  two ;  the  two 
small  ones  are  seen  in  the  figure  to  point  upwards  and  outwards, 
alternating  with  the  sepals;  whilst  the  large  one,  pointing 
directly  downwards,  is  that  which  has  the  greatest  variety  of 
form  and  colour  in  the  different  species,  giving  rise,  by  its  curious 
metamorphoses,  to  the  strange  resemblances  ahready  alluded  to. 
At  the  upper  part  of  this  transformed  petal,  which  is  termed  the 
lalMum  or  lip,  is  an  opening  that  leads  in  many  of  the  species 
to  a  long  spur  that  projects  below.  The  other  leafy  portions  of 
the  flower  are,  in  general,  very  delicately-coloured  on  their  in- 
terior side.  So  far,  the  structure  of  the  flowers  is  not  very  diffi- 
cult to  understand,  except  in  a  few  species  in  which  the  trans- 
formation is  carried  much  farther. 

694.  The  most  remarkable  peculiarity  of  the  Orchideee, 
however,  consists  in  that  modification  of  the  special  organs  of 
fructification,  to  which  Linnasus  gave  the  name  of  ffynandrout, 
and  upon  which  he  founded  his  twentieth  class ;  and,  as  this  is 


Digitized  by  VjOOQ IC 


STRUCTURE   OF  FLOWER  OP   ORCHIDEJB.  519 

universal  throughout  the  group,  and  exists  in  no  other,  and  thus 
distinguishes  the  OrchidesB  from  all  other  orders  of  the  vegetable 
kingdom,  the  Linnasan  class  Gynandria  exactly  represents  the 
order  we  are  now  considering.  In  the  middle  of  the  flower,  just 
above  the  hole  in  the  labellum  which  leads  to  the  q)ur,  half  hidden 
by  the  petals,  is  a  flat  fleshy-looking  body,  represented  on  an 
enlarged  scale,  at  B.  The  upper  part  of  this  is  seen  to  be  divided, 
by  a  channel  down  its  middle,  into  two  lobes,  each  of  which  is 
considerably  swollen  at  one  part  of  the  side ;  and  over  this  swollen 
portion  there  is  a  fissure,  running  from  one  end  of  it  to  the  other, 
which  wiU  open  if  the  lobe  be  pressed.  If  the  contents  of  this 
swelling  be  examined,  they  will  be  found  to  consist  of  an  olive- 
green  mass,  composed  of  minute  granules  adherent  together,  and 
tapering  gradually  into  a  long  stalk,  by  which  it  is  attached.  On 
examining  the  nature  of  these  granules  with  the  microscope,  it 
is  clearly  seen  that  they  are  in  reality  pollen-grains ;  and  that 
thus  the  whole  mass  corresponds  with  the  usual  contents  of  an 
anther-lobe,  in  an  ^herent  state.  Hence  it  follows,  that  the 
whole  of  this  curious  structure  is  to  be  regarded  as  a  metamor- 
phosed stamen ;  the  channel  down  its  middle  marking  the  division 
of  the  anther-lobes,  and  the  fissures  on  the  two  sides  being  ana- 
logous to  the  suture  or  split,  by  which  other  anthers  discharge 
their  contents  (§.  433).  On  each  side  of  the  base  of  the  anther 
is  a  little  roundish  knob,  which  has  something  of  a  granular 
character,  uid  which  is  to  be  regarded  as  a  rudimentary  stamen. 
At  the  foot  of  the  anther  (lower  part  of  B,  Fig.  188)  is  a  pale 
fleshy  cup,  one  side  of  which  is  curved  over  its  cavity ;  this  is 
called  the  hood ;  and  at  the  bottom  of  it  is  the  viscid  stigmatic 
surface.  Here,  then,  we  have  the  essential  parts  of  the  appa- 
ratus of  fructification ;  only  one  style  uid  one  stigma,  however, 
being  developed ;  and  these  being  adherent  to  one  another.  This 
latter  character  runs  through  the  whole  of  the  Orchideous  group  ; 
as  to  the  former,  however,  there  is  some  variation.  Thus,  in  the 
Cypripedtumy  or  Lady's  Slipper,  a  British  Orchideous  plant,  the 
two  little  prominences  just  mentioned  are  fully  developed  into 
stamens^  whibt  the  central  one,  which  is  here  developed,  is  rudi- 
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menUiy ;  and  in  some  other  species,  all  three  are  oocamonaUj 
present  as  complete  stamens. 

695.  There  is  much  difficulty  in  understanding  how  the  usual 
influence  of  the  pollen  on  the  stigma  can  be  effected  in  these 
plants ;  since  the  pollen  is  not  capable  of  being  scattered  as  a  fine 
powder  through  the  air,  as  in  other  plants ;  and  if  it  were  to  fall 
out  in  a  mass,  it  would  hardly  touch  the  stigma.  Some  have 
supposed  that  absolute  contact  of  the  poUm  with  the  stigma  is 
not  necessary,  and  have  thought  that  the  fertilising  influence 
could  be  communicated  through  the  stalk  of  the  pollen-mass.  Boi 
thn  is  now  proyed  to  be  incorrect;  as  numerous  experiments 
haye  shown  that  the  contact  is  as  necessary  here  as  in  other 
plants.  It  is  difficult  to  perceive,  however,  in  what  manner  it 
is  naturally  effected ;  and  recourse  has  even  been  had  tothesup- 
position,  that  the  agency  of  insects  is  necessary,  in  order  to  drag 
the  pollen-masses  from  their  case,  and  to  diffuse  their  granules 
over  the  stigma. 

696.  On  turning  our  attention  to  the  general  aspect  of  dther 
of  our  commoner  British  orchises,  we  observe  that  it  has  a  fleshy 
root  usually  consisting  of  two  oval  tubers,  and  of  a  number  of 
succulent  fibres ;  that  its  leaves,  which  have  the  simple-veined 
structure  characteristic  of  Monocotyledons,  Sfuread  upon  the  sur- 
face of  the  ground ;  and  that  a  straight  flower-stalk  is  shot  up 
from  the  midst  of  these.  The  stem  and  roots  are  connected  with 
but  one  of  the  tubers ;  the  other  arises  as  a  sort  of  lateral  bud 
from  this  one.  When  the  stem  has  unfolded  its  flowers  and 
ripened  its  fruit,  it  dies  down  to  the  ground,  and  is  succeeded  in 
the  ensuing  season  by  a  stem  developed  from  the  second  tuber, 
the  first  being  exhausted.  This,  agam,  serves  for  the  vegetation 
of  one  season  only,  and  a  new  tuber  is  formed  as  a  bud,  from 
which  the  next  year's  stem  will  be  developed.  Hence  the  species 
possessing  this  kind  of  root,  always  have  a  pair  of  tubercles,  one 
shrivelling  and  in  process  of  exhaustion,  the  other  swelling  and 
in  process  of  completion*  Sometimes  the  bottom  of  the  stem, 
instead  of  forming  a  new  tuber  upon  its  side,  pushes  out  a  slender 
subterranean  root-like  runner,  which,  after  growing  to  some 
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length,  18  arrested  and  forms  a  tnber,  from  which  the  next  stem 
is  dbot  up ;  so  that  the  plant  may  he  said  to  change  its  place 
every  year  to  a  considerahle  distance.  In  many  instances, 
amongst  exotic  species,  the  tuher  is  formed  above  the  ground, 
constitating  what  is  known  as  the  pseudo-bulb  of  the  Orchidese ; 
and  its  horizontal  stem  creeps  akmg  the  surface  as  a  rhiaoma.  In 
these  cases,  the  structures  are  m(Hre  permanent,  the  pseudo-bulbs 
acquiring  a  woody  hardness,  and  continuing  to  send  up  stems  ; 
so  that  by  their  gradual  multiplication^  a  large  surface  is  often 
covered  by  a  single  plant. 

697.  It  is  remarkable  that  in  a  group  so  numerous  as  this,— - 
consisting  as  it  does  of  nearly  two  thousand  known  species,  and 
of  probably  as  many  more  which,  being  buried  in  the  depths  of 
unexplored  tropical  forests,  have  not  yet  been  described, — and 
extendhig  over  almost  the  whole  habitable  globe,  as  far  as  the 
borders  of  the  firozen  zone, — ^there  should  be  so  few  species  pos- 
sessed of  properties,  that  make  them  in  any  way  usefol  to  Man. 
It  often  happens  that  the  most  powerful  virtues,  or  the  most 
deadly  poisons,  are  hidden  beneath  a  mean  and  insignificant 
exterior;  whilst  those  productions  of  nature  which  charm  the 
eye  with  their  beauty,  and  delight  th^  senses  with  their  perfume, 
have  the  least  relation  with  the  wants  of  mankind.  So  it  appears 
to  be  in  this  instance.  The  aromatic  substance  called  Famlla^ 
which  is  sometimes  used  as  an  ingredient  in  chocolate,  also  tu 
flavour  sweet  dishes,  and  to  perfume  snuff,  is  the  succulent  fruit 
of  an  Orchideous  plant,  which,  in  the  West  Indies,  creeps  over 
trees  and  walls  like  ivy.  A  nutritive  substance  termed  SaUp^ 
somewhat  resembling  Arrow-root  or  Sago,  is  obtained  from  the 
tubers  of  a  species  which  grows  in  Turkey  and  Persia,  where  it 
is  highly  esteemed.  It  used  to  be  sold  at  the  comers  of  the 
streets  in  London,  and  was  a  favourite  drink  with  porters,  coal- 
heavers,  and  other  hard-working  people,  by  whom  it  was  consi- 
dered very  strengthening ;  and  the  comparative  disuse  into  which 
it  has  fallen  is  perhaps  to  be  regretted.  It  is  said  to  contain  a 
greater  amount  of  nutriment  in  the  same  bulk,  than  any  othe^ 
vegetable  substance ;  and  for  this  reason  it  is  much  employed  by 
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trayellen,  wlio  hsTe  to  oarrj  their  supplies  with  them  into  deserts 
uid  oninhftbited  countries.  So  high  a  nutritiTe  power  has  beeo 
assigned  to  it,  that  it  has  been  asserted  that  one  ounce  of  Salep, 
boiled  with  an  equal  quantity  of  the  stiff  glue  or  animal  jelly 
known  as  portable  soup,  in  two  quarts  of  water,  will  suffice  for 
the  daily  nourishment  of  an  able-bodied  man.  Some  <^  the 
South  American  species  contain  a  viscid  substance,  which,  when 
separated  by  boiling,  serves  as  a  sort  of  glue,  which  is  used  by 
the  Brazilians  for  sticking  together  their  skins  of  leather.  There 
is  scarcely  any  other  way  in  which  this  order  is  of  any  direct 
utility  to  Man. 

698.  Of  the  next  order,  Scitamimbjb,  the  Ginger  tribe,  tber^ 
are  no  British  representatives ;  but  its  structure  will  be  very 
easily  comprehended,  as  we  now  return  to  a  nearly  r^iilar  type 
of  structure.  They  are  all  aromatic  herbaceous  plants,  only 
coming  to  perfection  between  the  tropics ;  and  they  are  nearly 
all  characterised  by  possessing  a  rhizoma,  which  creeps  along  the 
ground,  and  from  the  sides  of  which  the  leaf  and  flower-stalks 
are  annually  shot  up.  The  flowers  arise  from  expanded  scal^ 
bodies,  which  are  clusters  of  bracts,  one  for  the  protection  of  esch 
pair  of  buds.  The  ovarium,  as  in  the  Orchidesd,  is  inferior ;  and 
the  calyx,  which  arises  from  its  summit,  is  tubular,  and  is  formed 
by  three  sepals  adherent  nearly  to  theur  points.  Within  this  are 
two  whorls  of  leafy  organs,  the  outer  of  which  is  to  be  regarded 
as  the  true  corolla,  whilst  the  inner  one  consists  of  transformed 
stamens.  In  each  whorl  there  are  three  segments ; — those  of 
the  outer  whorl,  or  petals,  are  partly  adherent  so  as  to  form  % 
tube,  and  are  nearly  equal— one  being  sometimes  larger  than 
the  rest  or  differently  shaped,  so  as  to  show  some  affinity  with 
the  Orchideas.  Of  the  inner  whorl  of  transformed  stamens,  one 
is  usually  very  much  enlarged,  like  the  labellum  of  Orchidess, 
whilst  the  others  are  almost  undeveloped.  Within  this  whorl, 
there  are  three  dbtinct  stamens,  of  which,  however,  only  one 
usually  bears  pollen ;  but  this  is  quite  distinct  from  the  pistil. 
The  ovarium  is  usually  three-celled,  though  sometimes  im- 
perfectly so,   the  partitions  not  being  complete,  so  as  to  ap- 
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proftch  that  of  the  OrchideiB  in  charaoter.    The  style  is  long  aud 

tlirea^-lllce,  dilated 
into  an  expanded 
stigma  at  the  top. 
Tlie  fruit  is  gene- 
rally a  three-celled 
capsule. 

699.  Tlieseplants 
are  generally  obj  ec  ts 
of  great  beauty, 
either  on  account  of 
the  high  degree  of 
deTelopment  of  the 
col  0  ure  d  parts  of  th  e 
flower  itself,  or  be- 
cause of  the  rich  and 
glowing  hues  of  the 
bracts.  They  arc, 
however,  princi- 
pally Talued  on  ac- 
count of  the  aro- 
inatic  and  stimu- 
lating properties,  fi«.  les^m™  Fl.«, 
which  the  rhizoma  of  most  species  possesses.  This  is  best  known 
in  t!ie  common  Ginger,  which  is  produced  from  a  plant  originally 
found  in  the  flouth*east  of  Asia  and  the  adjoining  islands,  but 
early  tranapl anted  to  America  and  the  West  Indies,  where  it  has 
been  cultivated  with  great  success,  the  Jamaica  Ginger  being 
esteemed  inueh  superior  in  quality  to  the  East  Indian.  The  dry 
Ginger  of  commerce  is  distinguished  into  white  and  black ;  but 
the  difference  of  colour  wholly  depends  upon  tho  mode  of  prepa- 
ration.  For  both  these  kinds,  the  rhizoma  is  allowed  to  remain, 
until  the  annual  stalks  are  withered:  the  best  and  soundest  rootfl 
being  selected  for  white  ginger,  they  are  scraped  clean  and  dried 
carefully  in  the  aunj  but  the  others  are  merely  scalded  and  then 
dried.    When  a  preserve  is  to  be  made  of  the  root-stocks j  they  are 
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dog  up  whilst  in  aap,  the  stalks  not  being  then  more  than  fire 
or  six  inches  long.  For  this  purpose,  the  young  roots  are  scalded, 
then  washed  in  cold  water,  and  afterwards  carefully  peeled. 
They  4ure  then  soaked  for  three  or  four  days^  during  which  the 
water  is  frequently  changed ;  and  being  subsequently  put  into 
jars,  a  weak  syrup  is  poured  OTer  them,  which  is  afterwards 
exchanged  for  a  stronger  one,  and  so  on  for  two  or  three 
times.  The  manner  of  cultivating  ginger  i»  extrerady  simple, 
requiring  little  care ;  it  is  propagated  with  as  much  ease,  and 
nearly  in  the  same  manner,  as  potatoes  are  in  Chreat  JMtain. 
Other  species  of  this  tribe  are  yalued  for  their  spicy  qualities ; 
such  as  the  Turmeric  Plant,  formerly  mentioned  as  yielding  a 
beautiful  yellow  dye  (  §.  397))  of  which  the  powdered  root-stodi  is 
one  of  the  constant  ingredients,  with  ginger,  cardamoms,  and 
other  spices,  in  the  celebrated  curry-powders  of  the  East  Indies. 
The  seeds  also  of  some  species,  as  the  Cardamom,  are  aromatic, 
and  are  employed  in  medicine  as  cordials.  The  rhisomm  of  almost 
every  j^ant  in  this  order  contains  a  large  quantity  of  starch, 
which  might  be  em|^oyed  in  the  same  mauner  as  Arrow-root : 
but  it  is  difficult  to  separate  this  in  such  a  manner,  as  to  free  it 
fit>m  the  pungent  and  resinous  secretions  with  which  it  is  inter- 
mixed. 

700.  The  order  Marantacba,  or  v^rroto-rooT tribe,  is  so  nearly 
allied  to  Soitaminec,  that  some  Botanists  have  associated  them. 
They  are,  however^  distinguidied  by  a  variation  in  the  poeitioa 
of  the  fertile  stamen  in  the  flower, — a  character  which,  as  it  is 
constant,  is  of  great  botanical  importance,  although  apparently 
trifling ;  and  there  m  also  a  dilfcrence  in  the  structure  of  the  seed. 
The  properties  also  of  the  two  orders  are  very  distinct;  for 
whilst,  in  the  fovier,  the  secretions  have  universally  a  pungent 
stiBHilating  diaracter,  tiiey  are  destitute  of  any  peouli«ity  in  the 
present  one ;  so  that  the  large  quantity  of  fecula  contained  in 
their  rbisosas  may  be  separated  in  a  very  pure  state.  The  plant 
from  wluch  Arrow-root  is  ordinarily  derived  is  a  native  of  South 
America ;  but  it  is  now  mudi  cultivated  in  the  West  ladies,  and 
in  some  parts  o£  Hindostao.    It  rises  to  the  he%ht  of  twe  or 
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three  feet,  has  broftd  pomted  leaTes,  and  is  crowoed  hj  a  spike 
of  small  white  flowers.  Othor  species  have  more  showy  flowers ; 
such  is  the  OmnOy  sometimes  cultivated  in  onr  hot-houses,  the 
seeds  of  which  are  so  hard  as  to  have  received  the  name  of  Indian 
Shot 

701.  There  are  probably  no  Vegetable  products  that  serve  as 
articles  of  food  to  Man,  which  are  produced  in  such  hirge 
quantity,  with  so  trifling  an  amount  of  car^  and  attention,  sa 
thoge  afforded  by  one  or  two  species  of  the  order  Mpsaceje.  or 
Plantain  tril>e*  AJl  the  plante  of  this  gi^up  are,  like  tho&e  of 
the  two  former,  native®  of  tropical  couo tries ;  the  Flantam  itself 
is  not  at  present  known  except  under  cultivation,  and  bein^;  now 
almost  universally  difldsed  through  the  warmer  regions  of  the 
globe,  it  is  difficult  to  state  what  is  its  original  habitation*  The 
leaves  of  the  whole  are  characterised  by  the  peculiarity  in  the 
distribution  of  the  veins,  formerly  mentioned  (§^231)  as  eKiating 
in  the  Plantain  and  Banana,  In  the  structure  of  their  flowers, 
we  find  in  this  order  a  atill  nearer  approach  to  the  regular  type. 
These  arise  in  clusters,  protected  by  a  large  bract  enfolding  many 
buds,  which  is  termed  a  spaiAe.  The  perianth  cf>naists  of  mx 
pieces,  all  of  which  aro  frequently  of  brilliant  colours ;  but  as 
three  are  generally  external  to  the  others,  they  must  be  regarded 
as  sepals  of  the  calysi,  whilst  the  inner  ones  constitute  the 
corolla.  They  are  all  adherent  at  the  bottom  to  tiic  ovarium, 
which  is  consequently  inferior;  and  they  some  times  present  a 
degree  of  irregularity*  The  stamens  are  six  in  number,  but 
some  are  not  un frequently  undeveloped ;  the  anthers  in  many 
species  are  surmounted  by  a  sort  of  crest  resembling  an  expanded 
petal.  The  ovarium  consists  of  tliree  adherent  carpels,  which 
form  distinct  cells,  each  generally  oontainiog  several  seeds ;  the 
styles  are  united  into  a  single  column ;  but  this  separates  at  the 
top  into  three  stigmas.     Tbe  fruit  h  usually  succulent. 

702.  The  two  most  valuable  plants  of  this  order  are  the 
Banana  and  Plantain ;  the  fruit  is  nearly  the  same  in  form  and 
size,  but  differs  in  taste ;  that  of  the  former  being  sweet,  Bome^ 
what  resembling  a  high-flavoured  but  over-ripe  pear;   whilst 
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that  of  the  latter  is  nearly  innpid.  Their  other  differenoes,  how-  * 
eTer,  are  trifliDg ;  and  many  Botaniste  consider  that,  as  they  are 
only  known  in  cultiration,  they  are  not  unlikely  to  be  varieties 
of  the  same  species.  They  are  most  splendid  planta,  the  stons 
formed  by  the  cohenon  of  the  leaf-stalks  varying  from  ten  to 
twenty  or  even  thtity  feet  in  height,  and  the  leaves  themselves 
being  three,  four,  or  even  ten  or  twelve  feet  in  length.  The 
rapidity  of  their  growth  is  most  eztnordinaiy.  They  are 
prc^ag^ftted  by  the  separation  of  buds  or  suckers ;  d^  or  Bine 
months  after  these  have  been  planted,  they  begin  to  form  their 
clusters;  and  the  fruit  may  be  ooUeoted  in  the  tenth  and  eleventh 
months.  When  a  stalk,  on  which  the  fruit  has  ripened,  is  cut, 
a  sprout  is  put  forth,  which  again  bears  fruit  in  three  months. 
A  cluster  of  Bananas,  produced  on  a  single  plant,  often  contains 
from  160  to  180  fruits,  and  weighs  from  70  to  80  lbs.  A  spot 
of  little  more  than  a  thousand  square  feet  will  contain  from  thirty 
to  forty  Banana  plants;  and  it  is  reckoned  that  from  this  number, 
in  full  growth,  at  least  4000  lbs.  of  fruit  may  be  annually 
obtained.  Humboldt  has  calculated  that,  from  the  same  extent 
of  ground,  only  about  83  lbs.  of  wheat  or  99  lbs.  of  potatoes 
could  be  raised ;  so  that  the  Banana  appears  to  be  133  times 
more  productive  than  the  first,  and  44  times  more  than  the 
second.  But  this  is  not  altogether  true;  nnoe,  weight  for 
weight,  the  nutritive  matter  of  the  Banana  cannot  be  compared 
vrith  that  of  wheat  or  even  of  potatoes.  Still,  a  much  greater 
number  of  individuals  may  be  supported  upon  the  produce  of  a 
piece  of  ground  planted  with  Bananas,  compared  with  a  piece  of 
the  same  size  in  Europe  growing  wheat;  Humboldt  estimates 
the  proportion  as  twenty-five  to  one. 

703.  The  Banana  flowers  and  bears  fruit  through  the  whole 
year,  so  that  a  constant  supply  is  afibrded  by  such  a  plantation, 
as  that  with  which  the  natives  of  the  countries  where  it  flou- 
rishes surround  their  habitations.  The  labour  of  cultivating  this 
is  very  slight ;  all  that  is  necessary  being  to  cut  the  stalks  tiiai 
are  laden  with  ripe  fruit,  and  to  turn  up  the  earth  round  the 
.roots  about  twice  a  year.    When  £unilies  settle,  the  first  step 
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towards  tbeir  support  is  to  establish  a  Banana  walk ;  which,  from 
the  rapidity  with  which  the  plant  grows,  is  soon  accomplished ; 
and  this  is  afterwards  extended  as  occasion  may  require.  Hnra- 
boldt  remarks  that  a  European  trayeller,  newly  arrived  in  the 
torrid  zone,  is  struck  with  nothing  so  much  as  the  extreme 
smallness  of  the  spots  under  cnltiy»tion,  round  a  cabin  which 
containia  a  niimercms  family  of  Indians,  Three  do^eu  good-sized 
fruits  are  siifficient  to  support  a  man  entirely  for  a  w«c?k«  They 
are  not  only  caien  fresh^  but  are  dried,  like  figi^  in  tbc  s\in  ;  and 
a  sort  of  meal  may  be  extracted  from  them,  by  cutting  tUam  in 
slices,  drying  them  in  tlve  sun,  and  tbon  pounding  them.  It  has 
been  well  remarked  that  "  the  facility  with  which  the  Banana 
can  be  cultivated,  has  doubtleas  contributed  t^  arrest  the  pro- 
gress of  improvetnent  in  tropical  regions.  Necessity  a  waken  i 
industry,  and  industry  calls  forth  the  intellectual  powers  of  the 
human  race.  When  these  are  developed,  man  dues  not  sit  in  a 
cabin,  gathering  the  fruits  of  his  little  patch  of  Bananas,  asking 
no  greater  luxuries,  and  proposing  no  higher  ends  of  life,  than  to 
eat  and  to  steep^  H«  subdues  to  his  use  all  tbo  treasures  of  the 
earth  by  hiss  labour  and  his  skill ;  and  he  carries  hia  industry 
forward  to  its  utmost  limits,  by  the  conffldtration  that  he  has 
active  duties  to  perform.  The  idleness  of  the  poor  Indian  keeps 
him,  where  be  lias  been  for  ages,  little  elevated  above  thta 
inforior  animal ;  the  industry  of  the  European,  under  his  colder 
£kieaf  and  with  a  less  fertile  soil,  has  surrounded  him  with  all  the 
blessings  of  society, — its  comforts,  its  aiFectiona,  ita  Tirtnes,  and 
its  intellectual  riches.** 

704.  The  supply  of  food  derived  from  the  Plantain  and 
Banana  la  not  the  only  benefit  afforded  to  Man  by  the  order 
Musacese*  The  gigantic  leaves  of  other  species  are  used  for 
thatching  bidian  cottages ;  they  serve  also  for  a  natural  cloth, 
from  which  tho  traveller  may  eat  his  food*  and  as  a  material  for 
bagk(*t- making ;  and  one  species  yields  a  most  valuable  flax, 
from  which  some  of  the  finest  muslins  of  India  are  manufactured. 
The  st^ms  of  most  of  them,  consisting  as  they  do  of  the  united 
petioles  of  the  leaves,  are  remarkable  for  the  very  large  quantity 
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of  spiral  remth  itmj  contain,  which  may  be  pnllcd  oat  in 
handfols;  theae  are  collected  in  the  West  Indiee,  and  used 
as  tinder.  The  jnice  of  the  frnit  of  one  apedea  is  emplojed 
as  a  dye. 

705.  The  next  order,  Irjdaoba,  or  Iris  tribe,  is  well  known 
in  this  country  by  the  wild  ^leoies,  commonly  termed  Cam^Uiffi, 
which  abound  in  moist  and  shady  places,  and  by  the  more  riiowy 
kinds  introduced  firom  abroad,  whieh  are  now  among  our  com* 
monest  garden  plants.  The  order  is  characterised  by  the  pecu- 
liar arrangttnent  of  the  leases,  whkh  are  said  to  be  egmtmit  If 
we  pull  one  from  its  origm,  we  shall  find  that  what  appears  to 
be  a  flat  expanded  leaf  does  in  reality  expose  but  half  its  snr&oe, 
the  leaf  being  folded  together,  so  that  its  under  side  is  entirely 
concealed.  These  folds  are  adherent  together  at  their  upper 
part ;  but  at  the  lower  they  are  commonly  separated  by  a  new 
leaf,  which  may  be  thus  represented  ^^^»  It  is  from  the 
resemblance  between  the  position  of  the  external  leaf,  and  that 
of  the  legs  of  a  man  on  horseback,  that  it  is  said  to  be  eguiiant 
or  riding.  These  leaves  may  probably  be  considered  as  in 
reality  Tery  large  bracts,  the  true  leaves  being  undeveloped; 
for  the  flower-stalks  rise  from  between  their  folds,  just  as  they 
do  from  within  the  sheathing  bracts  of  MusaoesB,  &c.  In  the 
Iris,  the  external  whorl  of  the  flower,  as  well  as  its  interior,  is 
brightly  coloured ;  but  this  is  not  uniyersal  in  the  order.  The 
three  sepals  are  broad  and  spreading,  and  are  often  ornamented 
with  a  beautify  feathered  crest;  the  three  petals  stand  erect, 
and  curve  over  the  centre  of  the  flower ;  and  the  stigmas  are 
broad  richly-coloured  parts,  resembling  petals,  and  spreading 
away  firom  the  centre.  At  first  sight  it  might  be  thought,  that 
the  Iris  is  almost  destitute  of  stamens ;  but  if  the  stigmas  h€ 
lifted  up,  these  will  be  found  hidden  beneath  their  broad  lobes, 
they  are  three  in  number,  and  are  remarkable  for  the  peculiar 
position  of  the  anthers,  which  have  their  faces  (the  side  on 
which  they  open)  turned  towards  the  sepals,  instead  of  towards 
the  style.-  The  carpels  also  are  three  in  number,  and  adhere 
together  so  as  to  form  a  three-celled  ovarium,  the  partition^ 
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remaining  distinct ;  but  the  styles  coalesce  into  a  sbgle  eolnmn. 
In  the  CrocHiy  howeyer,  of  which  the  common  garden  species  is 
so  cheerful  an  indicator  of  departing  winter,  there  are  some  im« 
portant  differences  of  structure.  The  stigmas  do  not  expand, 
but  are  rolled  up ;  still  they  are  yery  large,  and  seem  too  heavy 
for  the  atyle ;  so  that  in  the  Saffron  Crocus  tJiey  hang  duwn  on 
the  outside  of  the  flower,  like  an  orange^coloured  tasaeL  The 
leaves,  too,  id  the  Crocus,  are  not  equitant ;  so  that  this  species 
departs  widely  from  the  general  character  of  the  group,  and  in 
fact  connects  it  with  tlie  Amaryllis  tribe.  The  growth  of  the 
leaves  and  flowers  in  the  Iris  takes  place  from  an  horizon  to!  stem 
or  rhizoma,  which  h  not  subterraneaD,  but  prostrate  on  the 
surface  of  the  soil  x  and  each  successive  yearly  growth,  instead 
of  dying  away  as  in  other  instances,  continues  in  connexion  with 
the  foregoing ;  so  that  a  mass  of  stem,  bearing  apparently  dis^ 
tiuct  plants,  is  eometimea  produced  to  a  considerable  extent,  and 
is  sometimes  prolonged  into  branches  by  the  development  of 
lateral  buda-  In  the  Crocus^  however,  w©  find  the  leaves  and 
flowers  springing  from  a  solid  hulh,  which  must  be  regarded  as 
A  contracted  utem  ;  this  neither  lengthens  upwards  nor  downwards 
to  any  considerable  extent ;  but  the  bnds  formed  from  it  separate 
(as  in  tlie  Orchis),  and  the  old  bulb  peiishos. 

706.  The  plants  of  this  order  are  principally  natives  of  the 
middle  pcyrta  of  North  America  and  Europe,  and  of  the  Cape  of 
Good  Hope.  They  do  not  extend,  to  any  great  amount,  between 
the  tropics ;  nor  into  the  colder  parts  of  the  temperate  zone» 
The  very  numerons  species  belonging  to  it  spring  up  at  the  Cape 
of  Good  Hope,  upon  the  commencement  of  the  rains;  and  soon 
cover  the  parched  and  hare- looking  plains,  with  a  robe  of  the 
deepest  green,  adorned  with  all  shades  of  g&y  and  sparkling 
colours.  They  are  more  remarkable  for  their  beautiful  fugitive 
flowers^  than  for  their  utility.  The  chief  product  they  afford  is 
Saffron,  the  uaea  of  which  have  been  already  described  (§.  39?)* 
The  rhizoma  generally  contains  nutritious  matter  combined  with 
dlightly  aromatio  secretions ;  this  is  used  as  food  in  some  places 
where  Irises  abound;  and  that  of  the  Iris  Florentina,  from 
its  agreeable  odour,   is  employed  under  the  name  of  Orrig 
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root,  as  ftB  iagredient  in  tooth  Mid  hair  powder.  In  a  few 
qMoiea  the  rhisoma  contains  an  acrid  bitter  principle,  which 
has  occamoned  it  to  be  employed  with  effect  as  an  emetic  and 
purgatiye. 

707.  Another  Tery  beantifol  ordor  of  plants,  for  the  most 
part  inhabiting  the  same  localities,  is  that  of  Am ABTLLiDBiB,  the 
Narmnu  tribe,  of  which  the  common  Daffodil  and  Snowdrop  of 
this  country  are  examples.  This  is  nearly  allied  to  the  last 
ord^,  in  the  poeseenon  of  a  three-celled  inferior  OTarinm,  a  single 
style,  and  a  three-parted  stigma ;  bnt  the  stamens  are  here  nx 
in  number,  and  their  faces  are  turned,  in  the  usual  manner, 
towards  the  style.  This  is  a  Tory  important  chnracter,  for  it  is 
constant  throughout  the  order ;  whilst  the  oppoate  position  is 
equally  characteristic  of  the  Iridess,  sernng  to  distinguish  those 
members  of  each,  which  are  otherwise  most  neariy  alliedi 
The  perianth  consists  of  six  portions,  amongst  which  there  is 
little  difference  in  form  or  colour :  but  as  they  form  two  whcnrls, 
tiie  outer  one  must  be  regarded  in  the  light  of  a  cal3rx.  Th^e  is 
often,  howoTor,  a  departure  from  the  regular  form,  in  the  partial 
development  only  of  some  of  these.  Thus  in  the  Snowdrop  the 
interior  whorl  is  yery  small,  and  is  almost  contracted  into  the 
little  fleshy  bodies,  which  are  sometimes  called  nectaries.  In 
the  Narcissus,  again,  besides  the  two  whorls  of  the  perianth, 
there  is  a  sort  of  fleshy  cup  or  nectary,  which  is  shown  to  be 
formed  of  the  rudiments  of  an  additional  whorl,  by  being  some- 
times conTerted  into  an  outer  row  of  stamens,  and  sometimes 
into  an  inner  set  of  petals, — a  metamorphosis,  which,  in  an 
allied  genus  is  constant.  The  plants  of  this  order  generally  arise 
from  a  9oaly  btUb^  which  consists  of  a  shortened  expanded  stem, 
surrounded  by  fleshy  colourless  leayes  (§.  149),  the  true  roots 
originating  from  its  base ;  sometimes,  howeyer,  the  axis  sepa- 
rates at  once  into  roots,  without  this  expansion.  The  leaves  are 
usually  sword-shaped,  with  veins  running  nearly  parallel  (torn 
one  extremity  to  tiie  other. 

708.  It  is  interesting  to  remark  that,  whilst  the  external 
characters  of  the  last  two  orders  are  so  nearly  the  same,  the 
minute  diffarenoes  wliich  have  been  mentioned,— the  number  of 
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the  stameos  and  the  positions  of  the  antherSy^-should  indicate 
most  important  rariations  in  their  properties.  For,  whilst 
nearly  all  the  Iridesd  are  harmless,  and  some  are  natritious,  the 
Narcissus  tribe  are  characterised  by  their  poisonous  properties. 
These  are  principally  apparent  in  the  yiscid  juice  of  the  bulbs  of 
African  apeci«9  of  HaBmanthas^  into  which  lltt;  Hottentots  are 
said  to  dip  tlielr  arrows  in  order  to  render  tKem  venomous ;  but 
they  have  long  be^n  known  in  other  kinde*  The  narcotic  odour 
of  the  common  NarcisHns  waft  known  to  the  anciente ;  aa  was 
also  the  emetic  principle  contained  in  its  bulba,  which  ie  at  the 
preaetit  time  eometim&a  enoployed  in  medicine*  Ita  juices  appear 
to  combine  narcotic  and  acrid  properties,  which  are  ao  powerful , 
ill  at  two  or  three  drachma  of  the  extract  will  deetroy  life  in  th# 
course  of  a  few  hours.  Many  of  the  species  of  the  genua  Ama- 
fyllis^  which  it  especially  abundant  in  South  America,  are  dii-» 
tinj^uifthed  for  the  fragrance  of  their  flowers  ^  this  is  much 
diminished^  liowever,  by  the  effects  of  cultivation,  which  some^ 
times  causes  the  flower  to  become  double*  One  species  is 
cultivated  for  the  sake  of  its  roots,  especially  in  Peru,  where  they 
are  eaten  as  potatoes  aie  in  this  country. 

Order  hiLtkCEM^  or  Lily  tr&«. 

709 i  The  species  fissociated  by  Do  CandoUe  nnder  this  order 
may  be  advantageously  separated^  on  account  of  their  number* 
and  tlteir  differences  of  structure,  into  three  subordinate  groups, 
the  Aiphodd  tribe,  the  true  Z-tVy  tribe,  and  the  Brotmltacec^  or 
Pine- Apple  tribe*  The  Atphodd  tribe  includes  the  Hyacinth, 
Oniony  Bquitl,  &c^  and  is  remarkable  for  the  extreme  simplicity 
of  the  structure  of  ali  its  parts,  and  for  the  stroQg  similarity 
which  exists  in  the  flowers  of  tJie  different  species.  They  have 
all  a  perianth  consisting  of  six  pieces  of  similar  form,  sisg^  and 
colour,  arranged  in  two  rows, — the  outer  one,  therefore,  being 
calyz^  and  the  inner  one  corolla.  Within  the  Jatter  are  six 
stamens ;  and  in  the  centre  is  a  mperior  three- celled  ovarium, 
which  changes  to  a  fruit  containing  many  eeeds^  covered  with  a 
black  brittle  skin.     The  majority  of  the  plants  so  characterised 
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mn  quite  hinnhM,  aad  rwmitilikt  aHher  for  tl^ir  mm  or 
beratf .  Their  ileaM  sriw  from  ecdy  Imlba,  from  the  bottom  of 
wfaidi  the  roote  an  derebped.  Them  balbe  (aad  othen  similar 
to  them)  maf  be  ragarded  ae  bode,  ia  wliich  the  leaTea  are  thi^ 
aad  fleeh J,  inehidiBg  a  atore  o£  nutriawat  for  the  yooag  pfa»t« 
and  the  devebpment  of  which  may  be  delayed  (as  in  aeeda)  ior 
an  indefinite  time,  without  the  lom  of  their  Tit^ity.  This  it  a 
beantifnl  adaptation  to  tiie  dronraataaoee  in  which  these  plaata 
are  f<»med  to  grow ;  for  thej  are  aatomily  inhabitants  of  plaoea 
which  at  certain  aeaaona  of  the  jear  are  qnite  dried  np,  and  where 
all  Tegetation  woold  perish,  if  it  were  not  lor  sooie  mth  proTinoii 
as  we  find  in  the  bdb.  In  places  Kke  the  hard  drj  karroos  of 
the  Cape  of  Good  H<^,  when  rain  fidb  only  dnring  three 
months  in  the  jear,— <ir  the  parched  plains  of  Barbarj,  where 
the  ground  is  rarely  refreshed  bj  showers  except  in  the  winter 
months, — and  on  the  homing  shores  of  tropical  India,  be- 
yond the  readi  of  the  tide,  aad  bmried  in  sand,  the  tempe- 
rature of  which  often  rises  to  180^, — bulbous-rooted  plants  are 
thus  enabled  to  livop  aad  to  enHyen  sudi  scenes  with  their 
periodical  beauty. 

710.  Although,  howerer,  the  bulbous  structure,  and  herba- 
ceous vegetation,  are  Tory  common  among  the  Atpkodd  tribe, 
they  are  not  uniyersal ;  finr  many  plants  have  little  or  no  trace 
of  bulbs ;  and  some  species,  especially  between  the  tropics,  attain 
oonsidsrable  siae  and  age  as  trees.  The  most  gigantic  of  the 
order  is  the  Dracania  Draco  of  the  Canary  Islands,  from  wfaidi 
the  resinous  colouring  material  named  Dragon's  Blood,  is  derived ; 
one  of  these  has  been  stated  to  be  between  70  and  75  feet  high, 
and  46^  feet  in  circumference  at  the  base,  and  to  have  been  a 
very  andent  tree  in  the  jrear  1496.  The  prindpal  differences  in 
the  structure  of  the  &miliar  plants  of  our  own  climate,  are  to  be 
foand  in  the  varieties  of  degree,  in  which  the  parts  of  the  calyx 
and  oorolla  are  united  to  each  other,  and  in  the  formation  of  a 
stem  covered  with  leaves, — the  first  rudiment  of  the  arborescent 
stems  and  branches  of  the  tropical  species.  In  the  (hwrn^  for 
example,  all  the  parts  of  the  perianth  are  distinct ;  but  in  the 
wild  blue  Hyacinth,  or  Blue-BM  (as  it  is  more  commoaly 
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termed),  they  cohere  nearlj  to  their  points ;  and  in  another  genua 
tliey  are  com- 
pletely glned  toge- 
ther. Again,  in 
the  A$paragu»^  the 
stem,  when  Ml 
grown,  is  repeat- 
edly branched,  and 
covered  with  little 
taper  leaves,  so  as 
almost  to  resemble 
a  Drac»na  in  mi* 
niatnre.  Throogh- 
ont  this  order,  the 

Imvm  *rA  l«n<r  taiA  ^*  lOO^AarAHAOWi  ornciNAUiu     a,  flowers ;  ft,  oorolU 

leaves  are  long  anu  ^,p^„^  ^  ^^w  the  ■tamenu ;  c,  pistil  and  ovar" ;  d,  fruJt ; 

narrow,  Hke  zreen  «.  horlsootal  seotioii  or  the  tnSX ;  /  seed,  megniaed ;  f>  ver> 

,                -^i     •       1  Uoel  seotioii  of  tlie  seme. 

straps,  with  smiple 

parallel  veins,  sometimes  mnch  resembling  those  of  Ghrasses. 

711.  Many  of  the  plants  of  this  order  are  great  favourites  in 
gardens,  on  account  of  their  showy  flowers;  and  of  the  foreign 
species,  several  are  easily  naturalised  in  this  country.  Such  are 
the  Aiphodeii  themselves,  which  are  not  natives  of  Britain,  but 
which  have  long  been  ornaments  of  our  gardens.  The  bulbs 
generally  contain  a  large  quantity  of  fecula,  which  is  usually 
mixed,  however,  with  a  peculiar  secretion,  that  imparts  to  it  a 
strong  and  frequently  unpleasant  taste,  together  with  powerful 
medicinal  properties.  In  the  Onion,  €hurlic.  Shallot,  and  other 
plants  belonging  to  the  genus  AlUvm^  the  taste  is  such  as  to 
render  them  valuable  to  give  flavour  to  other  articles  of  food, 
whilst  the  more  active  principle  is  only  present  in  small  quan- 
tities; and  many  of  these,  when  the  quantity  of  fecula  is 
increased  by  cultivation  (which  does  not  increase  the  amount  of 
peculiar  secretions  in  the  same  degree)  are  themselves  employed 
as  articles  of  food ;  espeeially  when  their  taste  is  rendered  less 
strong  and  acrid  by  the  heat  employed  in  their  preparation,  or 
by  the  warmth  of  the  climate  in  which  they  grow.  Oarlic  and 
onions  have  been  esteemed  in  Egypt  from  very  early  times; 
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tad  theaeeoatof  the  tavdkr  HaMeiqdit  ibowi  teft  1 
good  nMOA  for  the  OTperior  Tilae  then  Mi  OB  tiMa.  ''Who- 
ercr/he  Mty%  "^hm  tMted  onoos  ia  Egjpi  will  aDow  tint  mm 
bitter  out  be  had  in  aaj  pert  o£  the  nmne.  Uen  ihdf  wn 
sweat,  in  other  coaotriea  thejara  Biiwfioaa  aad  atioBg;  here 
thejareaoft,  wfaereaa  ia  the  aortben  aad  other  paitath^aie 
baid,  aad  their  eoata  are  ao  eooipaet  that  thej  are  difiealt  of 
digeetion,  Heaee  thej  eaaaot  ia  aaj  pbee  be  eatca  with  hm 
pKJndioe  aad  more  wtirfictioii  thaa  in  Egypt."  The  onkan  of 
Spain  aad  Portogal,  aad  eren  thoee  of  the  Sooth  of  Fraaee,  are 
for  the  suae  reaeoa  Terj  aapeiioe  to  the  oomaioa  onion  of  oar 
gardena,  berag  of  a  mnch  larger  siae,  and  more  mild  aad  aacca- 
lent ;  jet  the  latter  it  looked  apon,  by  the  roatic  inhabitaat  of 
maay  parts  of  Britaia,  aa  his  dnef  TegetaUe  dainty ;  and  the 
garlic,  which  is  too  strong  for  most  people  in  this  ooimtry,  is 
equally  rdished  by  the  poorer  dasses  on  the  Continent  aa  aa 
adjonct  to  tiieir  black  bread,  and  erea  by  the  rich  aa  an  in* 
gredieat  in  their  dishes. 

712.  The  common  Hyacinth  deacrvoe  especial  mention,  on 
account  of  the  interest  taken  in  it  Icar  the  Me  of  its  beantifbl 
6owerSy  and  the  nnmberkss  Tarieties  of  these  which  caltiTStion 
has  indnced,  rather  than  for  any  particnlar  aerrioe  of  which  it  is 
capable.  The  Dntdi  florists,  who  haTo  partieolariy  attended  to 
this  tribe,  bad  at  one  time  upwards  of  two  thousand  Tarieties  of 
one  species ;  and  although  the  mamia  for  q>eculating  in  Hyacinth 
and  Tulip  bulbs  has  now  long  since  passed,  these  still  form  a 
branch  of  Dutch  commerce  by  no  means  unimportant.  The 
Squill  bulb,  preparations  of  which  are  much  employed  in  medi- 
cine, as  emetics,  expectorants,  &c,  is  acrid,  bitter,  and  naaseous 
to  the  taste ;  it  is  a  native  of  the  South  of  Europe,  growing 
freely  on  the  sandy  shores  of  Spain,  Italy,  and  Greece ;  it  some- 
times attains  the  siae  of  a  man^s  head.  The  Asphodeb  also 
contain  a  bitter  principle,  which  is  removed,  however,  by  boil- 
ing ;  one  species,  which  covers  immense  tracts  of  land  in  Apulia, 
affords  abundance  of  nutritious  fodder  for  sheep;  and  pigs  are 
said  to  be  so  fond  of  the  bulbs,  that  they  will  unearth  the  roots 
to  devour  them. 
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713.  One  of  the  most  interesting  tribes  belonging  to  this 
extensive  group,  is  that  of  the  Aloe  and  its  near  allies,  most  of 
which  are  highly  ornamental  plants,  whilst  some  afford  a  very 

serviceable  drag,  and  othera  supply  products  capable  of  being 
applied  to  many  important  uses.  They  are  rc;m  ark  able  for  tbe 
largij  ,«^ize  of  tbe  leaves,  which  are  thick  and  fleshy^  and  which 
aome times  attain  the  length  of  eight  feet  ot  even  more ;  each 
terminates  m  a  bard  sharp  point,  about  half  or  tbree-quarters  of 
au  inch  in  length,  and  in  appearance  not  unlike  the  claw  of  a 
beast  cf  prey ;  so  tbat  a  liedge  or  fence  made  of  a  series  of  thtjao 
plants  ia  quite  impenetrable  to  cattle,  and  almost  so  (in  conse- 
quence of  the  great  toughness  of  the  leaves)  even  to  Man, 
unless  well  provided  with  cutting  instniments.  The  proper 
juice  of  tbe  Aloe  is  very  bitter  and  stimulating  ;  and  the  extract 
made  from  it  is  much  used  in  medicine  as  a  purgative.  T!ie 
species  wbich  yields  it  in  the  largest  quantity,  and  in  the  most 
active  form,  is  cultivated  at  the  Cape  of  Good  Hope,  whence 
large  quantities  of  it  are  imported  into  this  country ;  the  drug 
ift  also  obtained  from  several  species  tbat  grow  in  Barbadoes,  but 
this  is  less  pure  tbau  the  other,  and  it  principally  ns«d  in  this 
country  by  farriers,  &c. 

714.  Nearly  allied  to  the  Aloe  is  the  Phormiwm  tenass^  the 
plant  wbich  yields  tbe  (so-called)  New  Zealand  Flax  ;  the  fibres 
of  which  are  very  much  stronger  than  those  of  hemp,  whilst  they 

may  also  he  pre* 
d  cT^         pared  in  such  a 

manner  as  to 
become  beauti- 
fully white  and 
lustrous,  like 
silk.  Many  at- 
tempts have  been 
made  to  propa- 
gate this  v^u* 
able  plant,  both 
in  Britain  and 
in  Australia;  as  yet,  however,  theee  have  not  been  attended  with 
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aaj  great  floeeeM.  8iaU  it  ttbaagiBed,  thai,  ifhseidlmiioa  were 
extended  to  m  caaMenkAt  UDoont  in  ito  nmttTe  dime,  tiie  New 
ZeaUad  Fkz  miglit  be  ntrodneed  iste  this  ooonfay  at  a  priee  &r 
bdow  tlMt  of  Hemp  and  Flax,  wlukt  aapetior  to  tbcm  a  qufitf. 
715.  Hie  poiate  m  wUdi  itm  plaate  of  Che  tr«e  LUf  tribe 
differ  fironAsfrfiodela,  an  not  atrikiiig or  BonMrow.  Thelesre? 
are  similar,  beiag  aarrow  and  atrap-ebi^ied,  with  simple  panDd 
▼eina;  and  theae»  together  with  the  flower-atalkfl,  dioot  op  from 
vndergromid  bnlba.  Moreorer,  if  the  flower  of  the  Tofip  or 
liljbe  ezaroioed,  it  win  be  Iband  tooonaiatof  six  leafyportioosy 
aimilar  in  ooloar,  m^  and  fonn,  and  dilEnring  only  in  poettioB, 
joat  as  in  the  Onion  tribe.  Farther,  these  envdop  six  stamena, 
within  which  is  a  thiee-eelled  oTariom,  containing  a  nnmber  of 
OTnka  in  each  oelL  The  two  groups,  howercr,  are  more  differ- 
ent in  their  general  diaraeters,  tiian  their  agreement  in  these  pai^ 
tienhurs  wonld  lead  as  to  aoppose.  The  LOj  tribe  are  remark* 
able  for  their  greater  general  development,  and  the  hr  superior 
sise  of  their  flowers ;  this  becomes  apparent,  when  we  compare 
Asphodels  and  Hyacinths,  pretty  as  they  are,  with  ToHpe,  Lnie&> 
Crown  Imperials,  &o.  The  particular  character  by  which  tiiey 
can  be  best  distingaished,  is  derired  from  ihe  nature  of  their 
seeds ;  which  instead  of  baring  in  the  LiliaoesB,  as  in  the  Aapho- 
dele»,  a  hard  black  brittle  coat,  haire  a  soft  pale  spongy  int^in- 
ment.  MoreoTer,  they  attain  their  greatest  deydopment  in  the 
warmer  parts  of  the  temperate  xone,  rather  than  in  the  equi- 
noctial region.  Their  juices,  too,  are  much  less  impregnated 
with  peculiar  secretions;  so  that  the  bulbs  are  more  edible. 
Some  of  them  are  cultivated  abroad,  as  the  potato  is  here,  espe- 
cially in  Siberia ;  in  this  country  they  are  generally  used  fcur 
emollient  poultices.  The  scent  of  the  Lily  is  so  powerful,  that 
it  distresses  many  persons  to  have  the  flowers  near  them,  espe- 
cially in  a  room ;  but  that  of  a  species  cultivated  under  the  name 
of  the  Tuberose  is  much  more  powerful,  especially  in  the  evening. 
This  is  one  of  the  flowers  that  has  been  seen  to  emit  electric 
sparks,  which  are  supposed  to  be  of  electric  origin.  The  Tulip, 
on  the  other  hand,  is  a  scentless  though  a  very  showy  flower. 
It  has  been  chiefly  rendered  funous  by  the  oommercial  gamUing 
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of  the  Doich,  ft  century  or  two  ago.  To  eadi  fta  ezoen  were 
fictitious  specolations  carried,  that  the  madaess  of  the  period  was 
not  onaptlf  termed  Tnlipomania.  Single  bolbe  were  bargained 
finr,  to  be  bought  or  sold,  for  upwarde  of  £500  i^ieoe* 

716*  The  subdiyieion  of  Bromeliace(B^  or  the  Pine- Apple 
tribe,  is  separated  by  some  Botanists  to  a  considerable  distance 
from  the  others,  on  account  of  the  hard  dry  character  of  the 
leares,  and  the  firm  herbaceous  structure  of  the  calyx,  the  sepals 
of  whicn  ore  not  coloured  as  in  the  preyious  tribe.  The  most 
characteristic  species  is  the  Pine- Apple,  which  is  belieyed  to 
have  been  originally  confine^  to  the  New  Worid,  and  to  have 
been  propagated  thence,  by  the  early  discoverers,  to  those  partr. 
of  Asia  and  Africa  in  which  it  has  been  subsequently  found 
apparently  growing  wild.  It  is  not  known  to  have  been  culti 
vated  in  England,  until  the  end  of  the  17th  century ;  but  at  the 
present  time,  the  skill  and  attention  of  British  ^Eurdeners  have 
rendered  the  fruit  grown  in  this  country  more  prized  for  flavour 
and  elegance,  than  that  produced  in  its  native  climates.  Great 
expense,  however,  is  incurred  for  this  purpose ;  so  that  a  Pine, 
which  might  be  bought  for  sixpence  in  a  West  Indian  market, 
costs  the  English  grower  almost  as  many  pounds.  Tliis  is  very 
different  from  ordinary  fruits,  consisting  of  a  large  number  of 
ovaria  with  their  perianths  grown  together  and  become  succu- 
lent, somewhat  as  in  the  Bread-firuit  (§.  673). 

717.  To  this  tribe  would  seem  properly  to  belong  the  A^ve 
or  American  Aloe,  which,  from  its  strong  general  resemblance,  is 
commonly  associated  with  the  true  Aloe ;  it  is  included,  however, 
by  lindley  amongst  the  Amaryllide».  Its  various  species  were 
originally  natives  of  tropical  regions,  where  alone  they  attain 
their  proper  siae ;  but  they  have  been  introduced  into  the  South 
of  Europe,  where  they  will  grow  wild  in  the  open  air.  The 
leaves  have  very  much  the  character  of  those  of  the  Aloe ; 
and  from  the  midst  of  them  is  sent  up  after  a  long  interval,  a  tall 
and  elegant  flowering  stem,  which  attains  a  height  of  from  20  to 
40  feet)  growing  very  rapidly  when  once  its  development  begins. 
The  period  before  flowering  in  Mexico  is  from  eight  to  eighteen 
years ;  and  in  the  specimens  grown  in  this  country,  the  interval 
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is  to  mvch  praloBged,  as  to  be  oomBonl  j  reputed  m  hoiidred 
yean.  Ilie  fibres  whkOi  ma j  be  obtuned  firam  tbe  long  stni^ 
veins  of  the  leases  of  the  Agave,  are  very  strong,  and  may  be  cm. 
ployed  for  varioos  nsefiil  purposes.    Thej  sie  toogber,  but  less 


Fm.  10.— AflATc  AmmacAMA. 

elastie,  than  those  of  hemp ;  and  being  very  durable,  they  ars 
of  great  utility  to  the  inhabitants  of  the  oountries  where  theee 
plants  abound.  When  the  hard  point  is  forcibly  separated  from 
the  leaf,  especially  after  this  has  been  soaked  in  water,  it  draws 
with  it  a  bundle  of  these  fibres  ;  and  these  may  be  employed  as 
coarse  thread,  whilst  the  point  itself  is  used  as  a  needle ;  whence 
this  natural  product  has  been  called  '*  Adam's  needle  and  thread." 
The  fibres  are  employed  in  Mexico  to  make  a  strong  twine,  of 
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which  are  oomposed  the  ropes  thai  are  comiDonly  naed  there 
in  the  mines ;  and  on  the  Western  coast  of  that  part  of  America, 
rigging  for  ships  is  made  of  them.  The  Meidcans  cultivate  it 
largely,  however,  for  another  purpose.  When  the  Agave  has 
arrived  at  maturity,  a  spirituous  liquor  is  obtained  by  tapping 
the  stem,  which  is  a  favourite  beverage  of  the  lower  classes, 
under  the  name  of  Pulque.  A  good  plant  yields  from  eight  to 
fifteen  pints  of  pulque  per  day,  during  two  or  even  three  months ; 
and  the  large  quantity  consumed  may  be  judged  of  from  the 
fiict  that,  before  the  Revolution,  a  very  small  municipal  duty 
exacted  at  the  gates  of  the  two  large  towns,  Mexico  and  La 
Pnebla,  upon  the  pulque  brought  into  them,  amounted  to  about 
«£170,000  sterling  a  year.  Several  species  of  Aloe  are  capable 
of  affording  very  strong  and  valuable  fibres;  and  among  these 
is  one  known  in  the  West  Indies,  under  the  name  of  the  mlk- 
grass-plant,  the  fibres  of  which  are  so  extremely  like  those  of 
white  silk,  that  the  importation  of  them  into  some  countries  is 
forbidden,  in  order  to  prevent  imposition. 

718.  Nearly  allied  to  the  Lily  tribe  is  one,  of  which  the 
members  are  as  distinguished  for  their  poisonous  properties,  as 
for  the  beauty  of  their  flowers.  This  is  the  Colchioacb^  or 
Meadow  Scffnm  tribe,  the  flower  of  which,  like  the  Lilies,  has 
a  double  perianth,  all  whose  parts  are  alike  in  form,  nze,  and 
colour;  it  has  abo  six  stamens,  and  a  superior  three-celled 
ovarium.  The  Colehicum  (Meadow  Saffiron)  itself  is  very  like  a 
Crocus  in  its  flower ;  but  its  superior  ovarium  prevents  it  from 
being  confounded  with  the  tribe  to  which  that  belongs.  Other 
species  approach  very  closely  in  general  aspect  to  the  Aspho- 
delesd ;  but  they  may  be  easily  distinguished  by  three  marks. 
Li  the  first  place,  they  have  no  bulbs,  but  a  solid  knob  or  swollen 
under-ground  stem,  like  that  of  the  Crocus ;  secondly,  the  face  of 
the  anUiers  is  turned,  as  in  the  Iridece,  to  the  outeir  ride  of  the 
flower;  and  thirdly,  the  styles  of  the  several  carpels  remain 
distinct,  so  that  there  are  three  instead  of  one.  The  Meadow 
Saffiron  is  remarkable  for  the  smgular  form  of  its  flower,  and  for 
the  mode  in  which  it  b  connected  with  the  bulb ;  the  portions 
of  the  perianth  are  united  so  as  to  form  a  tube,  and  this  is 

x  ii2 


Digitized  by  VjOOQ IC 


540 


OOLOBIOUM  TRIBE. — ^MBADOW  BAWFnOV. 


immeiiaely  prolonged  (sometimes  to  the  extent  of  8  or  10  inches), 
shooting  up  diiectlj  from  the  tuher,  without  heing  supported  by 
ft  flower-stalk.  As  the  ovuiura  lies  near  the  bottom  of  this 
tube,  whilst  the  stamens  are  situated  in  the  expanded  part  of 
the  flower,  the  styles  an  necessarQy  Tory  long ;  and  the  per- 
formance of  their  peculiar  function  under  such  circumstances  ia 
extremely  curious.  The  Meadow  Saffiron  of  this  country  is 
Q  termed    Coiekicum 

mUunmale,  from  its 
peculiar  season  of 
flowering,  which 
is  in  September 
or  October.  The 
flowers  are  large, 
and  of  pale  purple; 
they  spring  up 
without  leaves, 
forcing  themselves 
through  the  soil, 
and  expanding  just 
above  the  sor&oe. 
They  then  wither 
away ;  but  the 
seed-vessel,  bebg 
then  scarcely  ele- 
vated above  the 
bulb,  is  protected 
beneath  the  ground 
during  the  vnnter. 
In  spring,  the 
leaves  are  put  forth, 
and  they  canry  up 
with  them  the  seed- 
capsules,  which 
then  ripen.  The 
bulb,  however,  is 
at  this  time  exhausted ;  and  a  new  one  is  formed  at  its  base. 


Fia  IBS— OoLCRicvM  AimnoTALB.   AfBuIbwitk 
B,  bunch   of    Imtm   and    capsnlM;    0,  OTMioin  sad 
•tyles;  D,  ned-vetiel  cut  acroM. 
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from  which  the  iowen  of  the  next  teason  are  developed.  These 
bdhs  oontain  (as  in  other  instaaces)  a  large  qnantitf  of  starch  ; 
and  this,  if  freed  from  their  pecnliar  secretions,  is  highly  nntri* 
tioiis.  But  the  joioes  are  very  acrid  and  powerfolly  irritating ; 
80  that  the  hulbs  of  most  of  the  species,  espeoiallj  the  Colchicmn 
and  Yeratmm  (commonly  called  White  Hellebore),  are  of  a  very 
poisonoos  character.  Their  properties  are  such,  howerer,  as  to 
render  tikem  very  useful  when  properly  administered  as  medi- 
cines ;  and  these  they  possess  in  the  greatest  intensity  about 
June  or  July ;  at  which  time,  therefore,  the  bulbs  should  be 
gathered.  The  active  principle  exists  also  in  the  seed^coats,  from 
which  it  may  be  extracted  by  spirit  of  wine.  It  is  said  that  the 
bulbs  of  some  species  of  ColchioacesB  are  eaten,  without  injurious 
efiects,  in  the  South  of  Europe.  The  order  is  pretty  widely  dis- 
tributed over  the  globe,  but  especially  abounds  in  the  northern 
hemisphere* 

719.  The  order  Junoaobji,  or  Rm$k  tribe,  has  apparently  but 
little  relation  with  the  tribes  last  described ;  yet  if  its  structure 
be  closely  examined,  it  will  be  found  to  be  similar  in  all  essential 
particuhurs  to  that  of  the  LiHes,  Asphodels,  and  Meadow  Saffiron. 
Many  of  the  commonest  Bushes  are  humble  leafless  plants,  with 
stiif  slender  wiry  stems,  and  littie  clusten  of  dingy  flowers ; 
others  are  still  smaller  in  stature,  but  possess  distinct  leaves. 
These  are  usually  long  and  narrow,  resembling  those  of  the 
Grasses.  The  structure  of  the  flowers  can  scarcely  be  made  out, 
except  by  the  aid  of  a  magnifjring-glass  and  a  strong  light,  on 
account  of  their  minuteness  and  dull  colour,  and  also  through 
their  being  closely  packed  in  dusters.  When  carefhlly  examined, 
however,  each  flower  will  be  found  to  possess  a  q>reading  perianth 
of  six  pieces,  of  which  three  external  form  the  calyx,  and  three 
internal  the  corolU;  on  the  outside  of  these  are  two  or  three 
bracts,  so  like  them  as  scarcely  to  be  distinguished  from  them, 
except  by  their  position.  From  within  the  flower  arise  six 
(sometimes  only  three)  stamens ;  and  in  the  centre  of  the  ktter 
is  the  superbr  ovarium,  which  has  three  angles,  indicating  its 
formation  from  three  carpels,  and  also  three  stigmas  i  but  the 
style  is  single.    In  the  true  Bushes,  the  ovarium  has  three  cells; 
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bat  in  some  other  species  it  is  one-cdled,  firom  the  abeenoe  of  the 
partitions ;  the  placenta  is  central,  and  commonly  bears  three 
OToles.  The  seed-vessel  often  contains  bat  one  seed,  the  rest  of 
the  oToles  being  ondeveloped ;  the  seeds  are  enveloped  in  a  pale 
soft  skin.  Now  it  will  be  obsenred  that  there  is  very  little 
essential  di£ference  between  the  flowers  of  the  trae  BasfaMBS^  and 
those  of  the  Lilies  and  Asphodels ;  the  nnmber  and  arrangement 
of  the  sepals,  petals,  stamens,  and  carpels,  being  in  all  the  same. 
The  diflcMrence  chiefly  consists  in  the  degree  of  development  of  the 
calyx  and  corolla,  which  is  greatest  in  the  lilies,  less  in  tiie 
Asphodels,  and  least  of  all  in  the  Rashes ;  which  last  may  be 
regparded  as  the  lowest  of  the  Endogenons  tribes,  whose  flowers 
are  constracted  upon  a  legnlar  plan. 

720.  The  Jnncacen  are  chiefly  found  in  the  colder  parts  of 
the  world,  and  even  in  the  coldest,  two  being  natives  of  the 
ungenial  climate  of  Melville  Island.  From  the  absence  of  higher 
orders  of  plants  in  such  countries,  Rushes  form  a  large  part  of 
their  whole  vegetation ;  thus  in  arctic  regions  they  are  estimated 
at  1  -25th,  whilst  in  temperate  latitudes  they  are  but  l-90th,  and  in 
tropical  countries  l-400th.  The  uses  to  which  they  are  applied  by 
Man  are  few.  They  are  employed,  as  are  also  other  plants 
Monging  to  the  Sedge  tribe  (§.  733),  for  making  chair-bottoms, 
baskets,  mats,  &c ;  and  before  carpets  came  into  general  use,  the 
floors  even  <vf  palaces  were  strewed  with  them.  It  is  on  record 
that  one  of  the  charges  of  extravagance  brought  against  Cardinal 
Wolsey  was,  thatt  his  room  vhm  strewed  with  fresh  rushes  as 
oflen  as  once  a  week.  The  cellular  tissue  filling  the  interior  of 
the  stems  of  Rushes,  which  has  very  much  the  appearance  of 
pith,  is  in  great  request,  in  country  places,  to  form  the  wicks  of 
candles,  hence  called  rush-lights.  The  Juncacea  usually  grow 
from  a  rhizoma,  which  is  ofben  itself  branching,  and  which  sends 
out  long  spreading  roots.  Hence  they  are  employed,  with  other 
plants  of  a  similar  character,  to  strengthen  embankments  raised 
to  keep  out  water  from  low  lands,  by  binding  t6gether  tiie  sml 
of  which  they  are  composed ;  it  is  in  Holland  that  they  are  of 
the  greatest  service  for  this  purpose. 
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721.  Palms  were  called  by  LinnsBiis  the  Princes  of  tiie 
Vtiget&ble  kingdom  ;  whilet  to  Liliei  Ke  asyign^d  tli«  deeigtiatmn 
of  Patricians  or  Nobles-  Tbe  Palms  exceed  most  otber  plant** 
in  size,  and  surpass  tbem  all  in  grandeur  and  majesty  of  aspect. 
They  naturally ,  therefore,  commanded  the  ear  best  attention  of 
mankind ;  and  the  innumerable  purposes  to  which  their  fruit, 


tbeir  tearca,  and  their  items  have  been  applied,  aa  food,  clothing, 
and  shelter,  have  worthily  retained  for  them  that  regard 
which  their  beauty  at  first  excited.  They  all  bear  a  etwjn^ 
general  resemblance  to  each  other^  and  hence  were  early  dtstin* 
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guished  bj  ft  peculiftr  name.  They  are  meetly  remarkftble  for 
the  size  and  strength  of  their  stems,  which  usaally  shoot  up  to  a 
great  hei^t  from  the  ground,  tapering  gracefolly  from  the  base 
to  the  summit,  and  surmounted  with  a  magnificent  crown  of 
gigantic  leaves.  These  towering  stems  (which,  when  growmg 
in  sheltered  situations,  are  often  perfectly  straight)  sometimes 
attain  the  height  of  200  feet  or  even  more.  Other  species,  how- 
ever, have  stems  which  trail  along  the  ground;  and  these  extend 
to  the  length  of  500  feet;  such  is  the  common  Cane,  whidi 
difiers  from  the  Bamboos  and  other  Cane$  properly  so  called 
(which  belong  to  the  Chrass  tribe)  in  having  a  solid  instead  of  a 
hollow  stem.  Although  the  trunk  usually  sends  out  no  branchea, 
it  occasionally  subdivides  into  two,  and  these  again  separate,  as 
in  the  Doom  Palm  of  Egypt.  The  Palms  are  remarkable  for 
the  prodigious  development  of  th^  organs  of  fructification.  A 
single  bunch  of  the  staminiferous  flowers  of  the  Date  contains 
about  12,000  blossoms;  whilst  another  species  has  been  estimated 
to  bear  above  200,000  in  one  cluster,  and  three  such  clusters  on 
each  individuaL 

722*    Although  the  flowers  are  frequently  complete, — eadi 

containing  both 
B  /^]  stamens  and  pis- 
tils, —  they  are 
more  frequently 
polygamous;  that 
is,  both  complete 
and  incomplete 
flowers  are  borne 
on  the  same  indi- 
vidual. They  are 
crowded  together 
in  large  clusters, 
upon  a  stalk  which 
is  termeda^po^ur, 
having  an  enor* 
mous  bract  developed  from  its  base,  termed  the  ipMsy  whioh 
enwraps  them  alL     The  perianth  consists  of  ox  pieces^  in  two 


Fi«.  19S.— FLomns  and  Faun  or  Oooqa  Nur  Pauc.  B, 
(taminiferoiiB  flower  ;  C,  pistllliferoiu  flower.  A«  ■eetion  of 
fruit ;  «,  hxuk,  or  pericarp ;  ^  shell  or  endooeip ;  «,  alba 
men ;  d,  oaTilgr  wHhin  it ;  t,  emlirTO ;/,  a^ertore  of  akaU ; 
ff,  radlment  of  other  i^iertiire. 
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tmea^  fonntng,  therefore,  ft  cftljx  and  iXHrolk;  the  outer 
whorl  ia  often  the  smaller*  The  ttamens  are  commonl7  six  in 
number,  sometimee,  however,  only  three,  and  occasionally  inde- 
finite. The  oTary  is  superior,  generally'diyided  into  three  cells,  of 
which  each  contains  a  seed ;  the  styles  and  stigmas  of  the  thr^ 
carpds  are  more  or  less  adherent  In  the  ripe  fruit,  however, 
it  is  commonly  found  that  the  seed  of  only  one  cell  has  been 
develq[)ed  ;  and  that  the  other  cells  are  therefore  obliterated.  In 
the  common  Cocoa-nut  we  have  an  example  of  this ;  the  fruit, 
when  covered  with  the  husk,  is  evidently  three-lobed ;  and  when 
the  husk  is  detached  from  the  shell,  the  latter  exhibits  three 
spots  upon  its  rounded  end,  of  which  two  are  hard,  whilst  the 
other  is  soft  and  easily  perforated.  The  fibrous  husk  is  the 
outer  wall  of  the  ovarium ;  the  shell  is  the  inner  wall,  with 
which  the  seed  is  in  close  contact.  If  the  Cocoa-nut  be  cut 
through  lengthways,  by  a  section  passing  through  the  middle  of 
the  soft  ^t,  it  inll  be  found  that  the  small  embryo  is  situated 
just  beneath  it,  lying  in  the  midst  of  the  firm  fleshy  albumen ; 
and  we  understand,  therefore,  that  the  two  hard  spots  indicate 
the  potitt<HM  of  the  two  embryos  which  have  not  been  developed. 
In  the  Date-Palms,  the  staminiferous  and  pistilliferous  flowers 
grow  on  separate  trees ;  and  the  fertilisation  of  the  latter  is 
dependent  upon  the  conveyance  of  the  pollen  from  the  former, 
which  is  usually  accomplished  by  the  agency  of  the  wind,  of 
insects,  ice.  But  if  unseasonable  weather,  or  any  accident, 
should  prevent  this,  the  Date  crops  entirely  fidl,  or  the  fruit  is 
degenerate  and  unfit  fur  food.  In  order  to  prevent  such  an 
occurrence,  the  Arabs,  many  tribes  of  whom  rdy  almost  entirely 
on  this  tree  for  thmr  supplies  of  food,  have  long  been  accustomed 
to  gather  the  stamineous  dusters,  and  to  hang  them  over  the 
pistiUine  flowers  ;  and  they  even  lay  up  stores  of  pollen  from 
year  to  year.  When  they  make  inroads  into  the  districts  inha- 
bited by  hostile  tribes,  they  cut  down  the  stam^i-bearing  palms, 
as  one  of  the  most  severe  injuries  they  can  inflict*  It  is  on 
record  that  the  threat  of  doing  so,  on  the  part  of  those  attacked, 
once  warded  off  an  invasion.  The  Ghrand  Siguier  having  medi- 
tated an  invasioB  of  the  sity  and  territory  of  Basscura,  the  prinie 
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of  that  oouiitry  proTented  it,  by  giTing  out  that  he  would  destroy 
all  these  palms  on  the  first  approach  of  the  enemy,  and  by  that 
means  cut  off  all  supplies  of  food  from  them  during  the  siege. 
The  facts  that  had  been  well  ascertained  by  the  experience 
of  ages  respecting  the  Date-Palm,  were  yery  important  to 
linnaras,  in  supporting  the  doctrine  of  the  relative  functions  of 
the  stamens  and  pistil,  of  which  he  was  the  first  to  give  a  comet 
exposition ;  for  although  this  is  now  umversally  admitted  to  be 
correct,  it  was  at  first,  like  other  novel  doctrines,  most  vigor- 
ously opposed  by  many. 

723.  The  Stems  of  Palms  are  the  best  of  all  examples  of 
Endogenous  structure.  They  are  frequently  so  dense  externally, 
as  to  bear  the  stroke  of  a  sharp  hatchet  without  injury.  This  is 
caused  by  the  very  close  interweaving  of  the  woody  bundles  that 
descend  from  the  leaves,  with  those  previously  forming  the  exte* 
nor ;  for  although  they  at  first  pass  down  through  the  soft  centre 
of  the  stem,  they  direct  themselves  outwards  near  its  bottom, 
and  penetrate  like  roots  into  the  exterior  mass  of  fibres  already 
thickly  interwoven.  In  most  of  the  species  with  long  slender 
trailing  stems,  the  exterior  is  additionally  hardened  by  a  copious 
deposition  of  nlex,  as  in  the  Grasses ;  this  is  especially  the  case 
in  the  Rattan,  which  will  readily  strike  fire  with  steel. 

724.  Palms  are  exclusively  confined  to  the  regions  bordering 
on  the  tropics  in  both  hemispheres.  They  scarcely  range  beyond 
40**  north  and  south  of  the  equator ;  but  particular  species  are 
found  somewhat  beyond  these  limits.  Their  chief  habitation  is 
South  America,  where  they  mostly  abound  in  the  low  and  humid 
parts  of  the  country,  though  some  species  rise  upon  the  sides  of 
mountains,  almost  to  the  limits  of  perpetual  snow.  In  general 
each  species  is  confined  within  very  narrow  limits ;  it  is  rdated 
by  Humboldt,  that  in  travelling  through  the  central  part  o* 
South  America,  he  found  a  new  species  at  almost  every  fiffy 
miles.  Although  nearly  two-thirds  of  the  Palms  at  present 
known  are  natives  of  South  America,  none  have  yet  been  found 
in  South  Africa,  where  the  distance  from  the  Equator  is  the 
same.  Some  species,  however,  appear  to  be  very  easily  spread 
by  the  agency  of  Man,  or  by  natmral  caoses ;  and  this,  by  the 
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kind  proYisioii  of  a  beneficent  Creator,  is  espeoiallj  the  case  ia 
regard  to  those  which  are  most  capable  of  being  made  useful  to 
him.  The  Cocoa-nut,  for  example,  is  found  in  almost  all  the 
islands  of  the  Polynesian  Archipelago ;  even  in  those  as  yet 
untenanted  by  Man,  which  have  been  upraised  by  the  agency  of 
miuute  coral -building  polypes^  from  the  depths  of  the  seat  Thia 
13  easily  accounted  for,  when  it  ia  considered  that  the  Cocoa-nut 
may  float  a  long  time  in  the  sea,  without  the  B<^d  roceimg  any 
injury^  in  consequence  of  its  protection  by  the  fibrous  buak  and 
dense  shell ;  but  when  ca^  up  by  currents  of  the  ocean  on  the 
low  shores  of  these  islands,  the  husk  gradually  separatea,  under 
the  combiued  influence  of  the  sun,  air,  and  occasional  moisture, 
and  allows  the  seed  to  be  acted  on  by  those  influences  which  will 
excite  it  to  genninatiof  *  The  Cocoa-nut,  like  other  species 
which  are  capable  of  living  in  a  variety  of  conditions,  has  a  great 
tendency  to  run  into  subordinate  Tarieties ;  and  as  many  as  thirty 
of  these  are  eometimea  known  to  the  natives  of  a  single  island, 
whose  attention  is  called  to  them  by  the  important  beneflts  they 
derive  from  them,  and  who  distinguish  them  by  different  namee^ 
The  same  Is  the  caie,  in  a  less  degree,  with  the  Date- Palm,  and 
with  other  species* 

725.  It  would  be  impossible  here  to  enumerate  all  the  u»e§ 
to  which  the  varioua  parts  of  these  important  trees,  and  their 
products,  are  applied  by  the  inhabitants  of  ilie  countries  where 
they  abound ;  since  these  inelude  almost  every  oncj  for  which  all 
other  tribes  of  the  Vegetable  Kingdom  are  employ edj  by  those 
that  respectively  poaseas  them.  Wine,  oil,  wax,  flour^  sugar, 
salt,  says  the  celebrated  traveller  Humboldt^  ore  the  produce  of 
this  tribe  ;  whilst  their  own  fabric  affords  the  materiala  of  the 
habitations,  vessels,  weapons^  and  clothing,  of  many  nations*  A 
few,  only,  of  the  more  remarkable  of  these  uses  can  here  be 
adverted  to.  The  exterior  of  the  stems,  of  most  species,  affords 
a  wood  which  ia  extremely  valuable  for  its  hardness,  sometimes 
even  taking  a  very  high  polish  ;  in  many  countries,  this  is  the 
only  kind  of  timber  which  the  inhabitants  possess  ;  and  it  must 
therefore  serve  all  the  purposes  for  which  wood  is  requhred*  Of 
the  hardest  parts,  weapons  are  tisnally  tnanufactured  ;  and  these 
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poMets  saoh  density,  m  to  be  no  nnfit  matdi  for  those  of  vmtu 
Sections  of  the  stem,  the  soft  interior  being  remoTed,  are  oon- 
Yected  into  drnms ;  and  the  stems,  split  lengthwajs^  and  chaa- 
neled  out,  are  empfef  ed  as  conduits  for  water.  The  soft  interior, 
in  most  of  the  largo-stemmed  species  of  the  Palm  tribe,  resembles 
the  pith  of  Exogens  in  its  freedom  from  woody  bandies,  consist- 
ing entirely  of  oellalar  tissue ;  and  it .  usually  contains  a  large 
quantity  of  starch,  which  renders  it  very  nutritioas.  This  is 
obtained  as  food  from  many  species,  but  especially  from  what  is 
called  the  Sago  Palm,  in  ^ioh  it  is  particularly  abundant.  The 
unezpanded  buds  also,  at  the  extremity  of  the  stems  of  many 
species,  furnish  a  wholesome  article  of  food ;  this  is  especially 
the  case  in  a  species  known  in  the  West  Indies  by  the  name  of 
the  Cabbage-Palm,  from  the  similaritj^  in  flaTour  between  its 
buds,  when  boiled,  and  ordinary  Cabbage.  This  palm,  when 
growing  by  itself  in  fisronrable  situations,  is  one  of  Uie  stateliest 
and  most  elegant  of  the  whole  race ;  the  author  has  himself  seen 
one  in  the  idand  of  St.  Vincent,  the  height  of  which  was  ascev- 
tained  to  be  above  290  feet.  But  when  growing  in  thick  woods, 
which  prevent  the  full  influence  of  the  sun  upon  its  bud,  the 
stem  is  dwarfed  ;  and  it  is  then  not  unfrequently  cut  down,  for 
the  sake  of  the  product  just  named.  At  the  base  of  each  leaf  of 
many  Palms,  there  is  a  boH  of  sheath  composed  of  a  fibrous  net- 
work, which  is  probably  a  modification  of  a  stipule ;  this  is  used 
by  the  Indians  to  form  cradles,  and  also  a  sort  of  coarse  doth. 
The  leaves  are  used  entire  to  form  thatch,  fences,  and  iuel;  the 
midribs  furnish  oars ;  and  the  fibres  of  the  leaves,  like  those  of 
the  husk  of  the  Cocoa-nut,  are  spun  into  thread,  from  whidi 
cords,  cables,  and  woven  falnrios  of  various  degrees  of  fineness, 
are  manufactured.  The  rope  made  from  the  fibres  of  the  Cocoa- 
nut  husk,  which  is  known  under  the  name  of  Coir-rope,  is  nearly 
equal  in  strength  to  hemp,  and  is  considered  superior  to  it  for 
cables,  on  aooount  of  its  great  elasticity.  The  sap  of  the  Palms, 
which  flows  in  great  abundance  frxMn  the  spathes  when  wounded, 
is  a  very  pleasing  beverage,  and  contains  a  considerable  quantity 
of  sugar;  this  may  be  separated  by  boding  it  down;  or  it  may 
be  converted  by  fermentation  into  alcohol,  so  as  to  make  a  sort 
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of  wine  (the  Palm  Wine  of  Africa),  or  to  afford  the  material  for 
distiUing  spirit  (the  genuine  Arrack  of  India).  Many  of  the 
Palms  famish  a  fruit,  which  is  wholesome  and  palatahle,  as  well 
as  of  great  Talue,  from  the  large  amount  in  which  it  is  produced. 
The  Cocoa-nut  is  well  known  to  Europeans  as  of  this  character ; 
and  wheD  picked  in  its  young  sUto,  it  ia  far  more  efitable^  tban 
when  grown  to  the  age  at  which  it  must  bo  left,  in  order  to  bear 
a  long  voyage  withont  injury,  and  at  which  alone,  thcrcfQrCj  it 
is  known  in  this  country,  Ita  oil,  m  formerly  states d,  has  now 
become  an  important  article  of  commerce ;  and  from  its  sihell 
many  useful  uteosila  are  manufactured,  by  the  Indian  nations 
amongst  whom  it  grows.  The  Date,  boweyer,  though  leas  known 
in  this  country,  is  not  lesa  important  to  one  portion  of  the 
human  race,  than  the  Cocoa- rmt  to  another,  A  considerable  part 
of  the  inhabitants  of  Egypt,  Arabia,  and  Persia,  subsist  entirely 
on  its  fruit ;  upon  that  wludi  does  not  properly  ripen,  and  upon 
the  ground  date- stones,  the  camels  are  fed^.  A  single  Date-palm 
will  bear  upwards  of  a  hundredweight  of  Date^  in  a  season,  and 
sometimes  more  than  twice  that  amount.  They  come  into  bear- 
ing at  from  six  to  ten  years  of  age  ;  and  are  fruitful  for  upwards 
of  two  hundred  years.  To  all  the  uses  already  enumemted,  the 
tree  itself  ia  applied,  and  many  more  might  be  mentioned  ;  for 
so  numerous  are  they,  that,  as  Gibbou  informs  us,  the  native 
writers  have  celebrated  in  prose  and  verse  not  less  than  300 
diflfercnt  purposes.  It  is  very  interesting  to  observe  that,  over  a 
large  part  of  the  district  in  which  the  Date-palm  abounds,  none 
of  til e  Corn- grains  can  be  raised,  in  consequence  of  the  extreme 
dryness  of  the  soil,  and  the  want  of  n^oisture  in  the  air.  The 
sea-sborcs,  the  banks  of  rivers,  and  all  parts  of  this  region,  in 
which  there  ia  humidity,  are  ejcceedingly  fertile  ;  but  along  the 
verge  of  the  desert,  and  in  the  smaller  Oases  or  islands,  which 
are  here  and  there  met  with  as  spots  on  the  vast  wilderness  of 
saudj  the  Date-palm  is  the  only  vegetable  upon  which  Man  can 
subsist*  The  more  lowly  vegetables  are  mostly  of  the  Cactus 
or  Euphorbia  tribe,  whose  juices  are  usually  too  acrid  to  allow 
of  their  being  used  as  food.  About  two  hundred  species  of 
Palms  are  known,  of  which  there  is  not  a  single  representative  in 
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Britain.  It  has  been  estimated  that  the  total  number  of  epedes 
may  probably  amount  to  a  thooeand,  many  hundreds  no  doubt 
yet  remaining  to  be  discovered. 

726.  Allied  to  the  Palms  in  the  arborescent  character  of  their 
stems,  «nd  in  some  degree,  also,  in  the  structure  of  their  organs 
of  firuotifioation,  is  the  small  order  of  Pandaneje,  or  Serew-pinef. 
Their  chief  peculiarities  confdst  in  the  spiral  arrangement  of  the 
leaves,  from  which  the  common  name  is  derived;  and  in  the 
peculiar  mode  in  which  the  roots  descend,  to  which  attention  has 
already  been  directed  (}.  110).    The  flowers  are  dioecious  or 


Fio.  196.— Pahoanu^  <m  Scbbw  Pins,    a,  6,  r,  serial  roots  partly  Btrving  mt  ttcins ; 
d,  e,  roots  not  yet  reaching  the  ground. 

polygamous ;  the  perianth  is  wholly  wanting,  and  there  is  only 
a  single  stamen.  The  fruit  generally  consists  of  carpels  partly 
adherent,  and  each  containing  a  single  seed.  A  large  number  of 
flowers  are  clustered,  as  in  the  Palms,  on  a  single  spadix.  The 
best  known  species  of  this  order  is  cultivated  by  the  Malays  and 
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in  Japan,  on  account  of  the  perfume  of  its  staminiferons  flowers, 
which  is  said  to  be  one  of  the  richest  known.  The  frait  is  eat- 
able ;  and  the  yarions  parts  of  the  tree  are  used,  in  the  coontries 
where  it  aboonds,  for  the  same  purposes  as  those  to  which  the 
Pahns  are  applied. 

727»  Nt^arly  Allied  to  tli©  Paiid:tDe«  In  regard  to  its  organs 
of  fructification  J  though  very  different  in  aspixt  and  habit,  iatbe 
order  TyphacejE,  the  Bullrmh  ixibe.  These  are  for  the  meet 
part  low  h^rbaceoui  plants;,  growing  irt  marshy  places  in  tem- 
perate climatea  The  common  BuUrusli,  however,  of  this  country, 
is  not  well  adapted  for  the  exaici nation  of  the  flowering  eystem, 
as  this  is  so  extremely  small  aa  not  to  he  readily  diatinguiBbed* 
A  better  illustration  is  tht  Bur-reed  (Sparganium)  Bome  species 
of  which  may  bfr  found  in  most  ports  of  the  country,  growing  in 
ditches  or  pool%  or  by  the  hanks  of  rtTen.  One  of  the  most 
common  is  the  Sparganium  ratmium^  oi  Branching  Bur-reed, 
wliich  rises  to  the  height  of  two  or  even  three  feet,  and  branches 
from  tbe  very  ground.  Its  leaves  (or  br&cta)  are  narrow^  and 
shaped  like  a  short  straight  sword-blade^  sheathing  the  flower- 
stem  at  their  lower  part.  At  the  extremities  of  the  branches 
appear  round  balls  of  flowers,  some  of  which  are  bright  gr^n, 
others  bright  yellow ;  tbe  latter  are  most  nnmeroos^  and  are 
placed  above  the  others*  The  former  consists  of  pistilliferous, 
the  latter  of  ataminiferous  flowers.  Such  an  arrangement  is 
almost  uniTersal,  when  the  two  acts  of  organs  are  disposed  in 
diflerent  flowers  on  the  same  plant ;  the  evident  purpose  being, 
that  the  pollen,  when  set  free  from  the  anthers,  shall  fall  naturally 
on  the  pistils.  If  we  open  one  of  the  yellow  balls,  we  shall  find 
that  it  consists  of  a  cluster  of  separate  flowers,  each  iiaving  a 
calyx  composed  of  three  long-staJked  narrow  sepals,  surrounding 
six  stamens,  the  anthers  of  which  droop,  in  consequence  of  their 
weight  being  greater  than  the  filaments  can  well  support.  In  the 
pistil) inc  flowers,  the  sepals  are  broader  and  shorter,  being  rolled 
round  the  piatil,  and  seated  close  upon  the  receptacle,  without 
any  stalk.  Tbe  ovarium  is  onH-celled,  and  contains  but  a  single 
ovule,  which  hangs  from  its  summit.  It  is  surmotinted  by  a 
stigma,  which  is  partially  cleft  into  two.     Other  plants  of  the 
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order  differ  firom  the  Bar-reed  in  aome  of  these  partioulart ;  is 
the  Boll-rash,  for  example,  the  caljz  is  entit^y  wanting,  being 
mer^j  replaced  with  a  qoantity  of  delicate  black  hairs ;  and  in 
some  species  there  are  bat  three  stamens.  The  essential  ohaneter 
of  the  order  is  derived  from  the  incompleteness  of  the  flowers, 
and  especially  from  the  stroetare  of  the  OTariom,  in  whidi  no 
trace  of  the  number  three  can  at  any  time  be  detected. 

728.  The  Typhaceaa  are  principally  confined  to  the  n<Hihen 
hemisphere,  and  few  are  fonnd  in  eqainoctial  regions.  They  are 
not  ol  mnch  direct  importance  to  Man,  possessing  no  properties 
whii^  diffnr  from  those  of  (nrdinary  Bashes  and  Sedges.  Like 
some  of  these,  they  give  an  appearance  of  Inzariance  in  cdd  and 
damp  sitaations ;  and  they  afford  fodder  for  cattle,  thoagh  poor 
and  scanty,  in  sitaations  which  are  otherwise  barren. 

729.  Another  group  of  incomplete  Endogcns  is  that  of  Aba- 
OBS,  the  Arum  tribe.  Of  these,  one  spedes  is  extremely  common 
in  our  hedges,  and  is  known  by  the  name  of  Wake-robin,  or  (to 
children)  by  that  of  Lords-and-Ladies.  The  leaTes  of  this  group 
seem  to  offer  an  exception  to  the  general  parallel-TeiniBg  of 
Endogenous  leaves ;  rather  resembling  the  reticulated  leayes  of 
Exogens.  But  this  is  more  in  appearance  than  in  reality ;  since 
it  will  be  observed  on  careful  examination,  that  the  veins  are 
bra9$elM  (like  those  of  the  Ferns)  rather  than  netted,  and  are  in 
great  measure  destitute  of  the  lateral  minute  bvandilets  uniting 
with  each  othw,  to  which  the  appearance  of  Exogenous  leayes  is 
diiefly  ovring.  The  common  species  of  our  hedges  is  distin- 
guished by  usually  having  purple  spots  upon  its  leaves.  Many 
Arums  have  laige  tuberous  underground  stems ;  which,  althou^ 
acrid  and  even  poisonous  when  raw,  may  be  rendered  fit  for  food, 
by  slidng,  washing,  and  boiling.  The  flowering  system  of  tiie 
Arums  presents  many  points  of  interest.  The  first  thing  we 
notice,  is  the  large  spathe  wr^ping  round  a  central  column  or 
spadix,  on  which  the  minute  flowers  are  crowded.  In  the  com- 
mon British  Arum  it  is  green;  but  in  others  it  presents  a  moat 
beautiful  variety  and  richness  of  colour.  Sometimes  it  opens 
widely  like  an  inverted  bell,  the  mouth  being  a  foot  or  more  in 
diametor;  in  other  instances,  tho  summit  is  prolonged  on  one 
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mde  into  a  long  slender  iaiL  The  spodiz  is  sometimes  completelj 
covered  with  flowers ;  bat  in  other  species  (as  in  that  of  Britain) 
it  is  bare  of  flowers  at  its  upper  part ;  and  it  then  not  nnfre- 
qnently  assnmes  very  strange  shapes  and  lively  colours.  In  the 
Dragon- Arum  of  our  gardens,  it  is  a  long  purple  horn,  projecting 
from  a  large  deep  purple  spathe  ;  in  others  it  hangs  down  from 
the  spathe  like  a  slender  tail ;  and  in  some  cases  it  is  enlarged 
into  a  fungus-like  excrescence  of  disagreeable  appearance. 
730.  If  we  open  the  spathe  of  the  common  spotted  Arum, 
B  A  0^6  should  And  it  to  be 

whitbh  in  its  interior, 
and  closely  enveloping 
the  lower  part  of  the 
Spadiz.  On  detaching  the 
latter  from  it,  we  find  at 
the  bottom  several  tiers  of 
round  ovaria,  which  do 
not  possess  any  proper 
style  or  stigma,  but  have 
a  sort  of  puckering  at 
their  points,  which  serves 
the  purpose  of  the  latter. 
Each  is  one-celled,  and 
contuns  two  erect  ovules. 
Above  these  are  two  or 
three  rows  of  abortive 
or  undeveloped  ovaria,  in 
the  form  of  homed  pear- 
shaped  bodies.  Above  these,  again,  there  is  a  crowd  of  stamens 
witii  very  short  filaments ;  and  these  are  surmounted  by  another 
cluster  of  abortive  ovaries.  Here,  we  have  a  large  cluster  of 
pistillifiMOUS  and  staminiferons  flowers,  in  which  the  floral  enve- 
lopes are  entirely  wanting,  and  in  which,  therefore,  the  separate 
floweis  can  scarcely  be  distinguished.  Each  ovarium,  however, 
is  the  essential  part  of  a  pistilline  flower ;  whilst  every  cluster 
of  anthers  is  the  essential  part  of  a  stamineous  flower ;  so  that 


Fio.  197— Arum  macvlatcm.  A,  tpathewith 
ipadlz  enoloMd  ;  B.  qwdlx  npftrated,  showing  a. 
OTwte  {  b  and  d,  mbortiTe  onria ;  e,  Bteminiferout 
flowcn ;  t,  naked  part  of  the  epadlz ;  C, 
ckf  benrlie  ripened  on  the  ^adiz. 
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bore  we  bare  the  most  seoeeaary  ofgans  <^  frictificatioiiy  reduced 
almoet  to  the  lowest  condition  in  which  they  can  exist.  In  « 
few  of  the  tribe,  boweyer,  a  perianth  is  present,  consistiBg  of 
fitmr  or  six  pieces.  The  firoit  of  the  common  Aram  ripens  in 
the  iotm  of  a  spike  of  onfige-colomed  loiindish  bwries,  each 
coBtainiBg  but  a  angle  seed.  Other  qpeoies  of  the  order  diffior 
from  tins  in  the  spadix  being  entirely  coTersd  with  flowers,  ia 
the  absence  of  ab<tftive  ovaries,  and  ia  such  oth^^ietaib.  The 
pecidiar  character  of  the  order  is  derived  from  the  close  anange- 
ment  of  the  flowers  upon  the  central  colamn  or  spadix,  and  the 
indosaie  of  the  whole  within  a  large  spathe. 

7^1.  The  Arace®  are  very  abundant  in  tropical  countries, 
but  become  fewer  in  number  in  proportion  to  the  distance  from 
tlie  equator.  In  cold  or  temperate  climates  they  are  nsually 
herbaceous ;  but  in  tropical  couttries  they  attain  a  considerable 
sise,  frequently  growing  over  large  trees,  to  which  they  cling 
by  means  of  aerial  roots.  They  are  for  the  most  part  acrid,  and 
some  species  are  extremely  poisonous :  one  of  the  most  remark- 
able effects  which  any  of  them  produce,  is  occasioned  by  the 
Dumb  Cane  (as  it  is  called),  a  native  of  the  West  Indies  and 
South  America,  which  has  the  power,  when  chewed  or  even 
bitten,  of  causing  the  tongue  to  swell  to  such  a  degree  that  it 
cannot  be  moved  in  the  mouth ;  at  the  same  time  occasioning 
very  severe  pain,  from  which  recovery  does  not  take  place  for 
some  days.  The  stems  or  rootstocks,  however,  possess  this 
acridity  in  a  diminished  degree ;  and  as  it  is  further  dissipated  by 
heat,  Uiey  become  valuable  articles  of  food.  Those  of  the  Spotted 
Arum  are  used  (or  this  purpose  in  the  Isle  of  Portland ;  and 
the  starchy  produce  obtained  from  than  b  even  sent  to  London, 
under  the  name  of  Portland  Sago.  In  the  West  Indies,  the 
tttbeis  of  another  species  are  commonly  eaten  under  the  name  of 
Eddoe.  One  of  the  meet  innocent  species  is  that  known  in 
Britam  under  the  name  of  Scented  Flag-rash  (Acorns  calamus), 
which  is  aqnatic  in  its  habits,  as  its  common  name  impliee. 
The  rhiaoma  of  Vm  (dant  contains  a  oonsiderable  quantity  of  an 
aromatic  essfwtiil  oil,  which  hnparts  its  frogranoe  to  the  mealy 
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matter  tkroagli  which  it  is  difitised ;  henoe  tlds  is  oonsumed  in 
large  quaatities  by  perfbmen  and  the  makers  of  hair-powdor. 
It  is  also  employed  in  medicine  as  a  tonio  and  oordiaL  This 
order  is  Tcry  interestbg  to  the  Physiologist,  on  account  of  the 
example  which  it  affords  of  the  dcTelopment  of  heat  during  the 
process  of  lowering  (§  419). 

732.  There  now  only  remain  to  be  cenridered  two  orders  of 
Eadogens,  which  bear  a  strong  general  resemblance  to  each 
other,  and,  indeed,  are  not  always  readily  separated.  One  of 
these  is  that  which  has  been  spoken  of  as  pre-eminently  nsefal 
tolfaa,— 4he  order  ChaAMiKBiB,  or  Grat$  tribe;  the  other,  the 
OYPBBACBiB,  or  Secf^  tribe,  is  ahnost  as  completely  nseless. 
They  agree  in  the  peculiar  character  'Of  the  floral  enTclopes, 
which  constitute  what  is  known  as  the  husk  or  diaffoi  corn, 
the  separate  pieces  or  scales  being  termed  glumm.  These  are 
regarded  by  the  scientific  botanist  as  metamorphosed  bracts. 
The  Sedges  may  be,  for  the  most  part,  readily  distinguished 
from  Grasses,  by  their  baring  stems  which  are  solid  and  angular, 
instead  of  round  and  hollow ;  berides  which,  there  is  no  hard 
partition  at  the  joints.  Moreoyer,  the  flowers  are  (with  few 
exceptions)  only  protected  by  a  solitary  glume  or  bract.  In 
some  species  aU  the  flowers  contain  both  sets  of  organs ;  others 
are  monoecious,  and  others  again  are  dioecious.  The  stamens  are 
usually  three  in  number,  but  are  sometimes  fewer,  and  occa- 
sionally more  numerous.  The  ovarium  is  often  surrounded  by 
little  bristles,  which  are  perhaps  the  rudiments  of  an  unde- 
▼eloped  perianth,  as  no  other  traces  of  calyx  or  corolla  can  be 
found ;  it  contains  one  seed ;  and  its  style  is  usually  sugle, 
di  riding  at  the  top  into  two  or  three  stigmata.  The  fruit, 
when  ripe,  is  a  hard  frequently  three-cornered  nut,  indicatbg 
tfie  original  formation  of  the  ovarium  from  three  carpels.  The 
seed  presents  a  remarkable  difference  from  that  of  Grasses;  for 
the  embryo  is  a  minute  roundish  nndirided  body,  lying  buried 
within  the  albumen,  at  its  lower  extremity,  instead  c^  bemg 
placed  on  its  ride,  as  it  will  be  presently  shown  to  be  b  the 
Granes  ($.  936). 

oo2 
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733.  To  Om  Sedge  tribe  bakmg  many  of  the  pbatewliidi  are 
popolari J  oouidered  as  Boflliee,  and  wfaidi  afe  emplojed  ia  tiie 
mainifiMtoie  of  caadlea,  mate,  and  diain ;  amoi^  the  moat  le- 
markaUe  of  the  Britiah  qpecies  m  the  Clmb  Rmtk,  wfaidi  tone- 
tiioea  growa  to  the  height  of  nine  feet.  This  order  ia  periiaps 
more  widdj  diatrihiited  than  any  other,  except  the  OnwaeB, 
Sereral  of  ita  mmbea  are  found  in  maraheB,  ditdMS,  and  bj 
running  streams ;  others  flourish  in  meadows  and  on  hea^M ; 
others  in  groves  and  f orests,  others  on  the  loose  sand  of  the  sea- 
shore, oUurs  on  ahnoet  naked  rocka,  and  others  on  Utt  barm 
sides  and  summits  of  mountains.  In  the  most  northern  ^''i"^^, 
their  number  equals  that  of  the  Gramineae ;  but  aa  we  apptondi 
the  Equator,  the  proportion  verj  much  dimiwfahes,  both  bj  the 
increase  of  the  Grasses,  and  the  diminution  of  the  Cyperaoese. 
Some  of  ibis  tribe  have  a  huge  rfaiaoma,  which  may  be  empbjed 
for  the  same  purposes  as  that  of  the  edible  Aracee».  One  of  the 
most  interesting  plants  belonging  to  the  group  is  the  Papyrus, 
fiunous  as  having  afforded  to  the  Ancients  the  chief  of  their 
materials  for  writing,  from  which  our  word  ^n^mt  is  derived, 
although  the  nature  of  the  tkm^  is  entirely  deferent.  The 
former  uses  of  this  plant,  which  is  a  native  of  Ethioina  and 
Egypt,  were  many.  The  roots  were  chewed  for  the  pleasant 
juice  they  yield ;  and  the  Eg3nptian8  used  to  roast  their  stalks, 
and  eat  the  soft  pulpy  matter  they  contain.  The  stalks  afibrded 
materials  for  ropes  and  cables ;  and  the  leaves  were  employed, 
as  they  are  at  the  present  time,  to  make  the  small  boats,  in 
which  the  inhabitants  of  the  banks  of  the  Nile  venture  up<m  its 
waters.  Although  the  Papyrus  generally  pr^Mrs  stagnant  pools 
and  lakes,  yet  it  will  grow  in  rapidly-running  streams ;  and  in 
such  circumstances  the  angles  of  its  three-cornered  stem  adapt  it  to 
break  the  force  of  the  current.  The  material  used  for  writing  on  is 
commonly  said  to  have  been  prepared  from  the  leaves  of  the 
plant;  this  is  not  the  case,  as  it  was  obtained  by  separating  the 
thin  plates  of  cellular  tissue,  which  lie  just  beneath  the  exterior 
of  the  stem ;  those  nearest  the  centre  being  esteemed  the  best. 
These  were  then  trimmed  at  their  edges,  so  as  to  meet  equally, 
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and  laid  side  hy  mde  on  a  hard  flat  table;  and  other  pieces, 
similarly  cot,  were  laid  across  them  at  right  angles.  They  thos 
formed  a  sheet  of  many  pieces,  which  required  a  means  of  adhe- 
sion, to  become  one  united  substance  when  closely  pressed 
together.  This  union  was  exacted  simply  by  sprinkling  them 
with  water;  since  they  themselves' contain  a  sufficient  amount  of 
gummy  and  saccharine  matter,  to  adhere  when  this  is  dissolved 
by  the  water.  The  ancient  Egyptians  made  sheets  of  a  pro- 
digious length ;  the  celebrated  traveller  Belsoni  had  one  which 
was  23  feet  long  by  1|  broad*  From  Egypt  it  was  long  ex- 
ported in  laige  quantities,  especially  to  Greece  and  Rome ;  and 
was  the  only  material  employed  for  writings  destined  to  be 
preserved,  until  the  invention  of  parchment,  which  took  place 
about  250  B.  G.  This  for  a  long  time,  however,  did  not  super- 
sede papyrus,  the  demand  for  which  at  Rome  continued  for  a 
long  time  after  the  Christian  era.  The  supply  wiis  interrupted 
by  the  invasion  of  Egypt  by  the  Saracens,  in  the  seventh  cen- 
tmy;  and  as  parchment  veas  then  generally  substituted  for  it, 
the  demand  no  longer  existed.  The  latest  notice  of  its  regular 
manufacture  brings  it  down  to  the  eleventh  century.  The 
quantity  made  by  the  ancient  Egyptians  must  have  been 
enormous,  judging  by  the  number  of  rolls  frequently  found  in 
the  tombs,  and  in  the  mummy-oases.  In  the  Museum  of 
Naples,  there  are  nearly  1800  MSS.  of  this  description,  which 
have  been  dug  out  of  a  small  part  of  the  city  of  Herculaneum ; 
whence  the  number  that  must  have  existed  in  the  Roman 
Empire  at  that  time,  may  be  in  some  degree  guessed  at.  The 
paper  produced  from  this  substance,  however — so  far  as  can  be 
judged  of  by  the  specimens  which  have  been  preserved  to  us,  and 
by  the  attempts  which  have  been  made  to  revive  the  manu- 
f^ture— was  inferior  to  the  paper  we  now  produce  from  linen 
and  cotton  rags,  in  every  respect  save  durabili^. 
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Ordmr  Graminbje,  or  Urau  Trih$. 

734.  The  general  appearance  of  the  ordinary  Gramikejb  or 
Grauei,  is  fiuniliar  to  erery  one;  their  hollow,  cylindrical  and 
jointed  stems,  with  their  long  narrow  leaves,  distinguish  them 
readily  from  all  other  plants.  Bnt  we  are  not  so  commonly  in 
the  habit  of  associating,  with  the  humble  kinds  with  which  we  are 
familiar,  the  tall  Sngar  Canes  and  gigantic  Bamboos  of  tropical 
climates ;  yet  these  are  only  Grasses  on  a  larger  scale,  agreeing 
with  our  own  in  every  essential  particular,  and  differing  mostly  in 
sice.  The  amount  of  variety  in  subordinate  characters  among 
the  several  genera  and  species  of  this  large  order,  is  very  con- 
siderable; and  it  will  be  only  attempted  here,  to  give  a  sketch  of 
what  may  be  regarded  as  the  typical  structure  of  the  organs  of 
fructification.     It  will  be  found  convenient  to  begin  with  the 


TiQ.  19ft— Sooah-Gahv  wtra  m  PurnvRs.  A,  whole  plant ;  B,  dittler  of  flowan 
cnclOMd  in  glomes;  C,  single  flower  eoUrged,  with  glamai  sepuiteti  D,  flow«r 
opened,  showing  a.  stigmas*  frfi;,  stameos,  c,  8oales»  if,  pales. 

inner  rather  than  with  the  outer  part  of  the  flower.  In  the  Sugar- 
Cane,  for  example,  on  separating  the  parts  of  the  flower,  we 
observe  the  centre  occupied  by  an  ovarium,  having  two  styles 
surmounted  by  hairy  stigmas;  and  round  this  are  disposed  three 
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stamens,  with  large  anthers  supported  on  very  slender  filaments. 
The  nnmher  of  these  raries  in  diilerent  tribes ;  bat  they  are  in 
general  three ;  though  sometimes  six  (as  in  Rice),  and  occasionaUy 
only  one  or  two,  are  developed.  In  some  (jhrasses,  the  two  sets 
of  organs  are  disposed  in  distinct  flowers,  sometimes  on  tho  s^mbo 
plant,  and  sometimes  in  different  ones.  The  envelopes  of  these 
consist  of  several  wrappings  of  little  scales,  which  have  received 
various  designations.  The  inner  pair,  which  are  nsually  very 
small  and  thin,  closely  sheathing  the  ovary,  aM  termed  Sealei  ; 


Pm.  IM.^-Flowsk  o*  Rick,  nojiitoso. 
A»  •howinf  ]»1mb  and  awn  ;  B,  otmIuid  ti 
stifnuw,  with  two  of  the  dz  ttamenib 


Fio.  SOO.— A  CLimrm  or  PAinfCLB 

09  WlPWUlm  OP  THB  RiCB  PLA  VT,  With 

its  theathing  bract  or  glume. 


externally  to  these,  surrounding  the  stamens,  are  two  others 
whioh  are  called  PaUof.  These  again  are  enclosed  between 
another  pair,  which  are  the  glwnu.  The  midrib  of  one  palea 
or  one  glome  is  often  prolonged  into  a  bristle-like  tefminatien^ 
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which  is  oftlled  an  awn.  Wheie  the  flowets  aie  amoged  in 
tpikelett,  termed  loemUao^  each  of  these  has  one  or  a  pair  <^ 
rimnes  at  its  base  bj  which  it  is  more  or  less  endoeed.  Of  aU 
tiiese  parts,  the  interior  9ealm  are  the  only  ones  which  bear  any 
lesemblanoe  to  the  caljz  or  corolla  of  mote  perfect  flowers ;  the 
remainder  are  to  be  considered  as  tousts. 

785.  If  the  OTsry  be  cat  across,  nothing  but  a  kind  of  po^ 
will  be  fonnd  within  it ;  this  sabstance  then  fills  the  yoong 
OYnle,  which  entirely  oocnpies  the  cavity  <^  the  oTariom ;  and 
its  own  enrdopes  and  the  walls  of  the  oyarinm  grow  together, 
in  sach  a  manner  as  to  be  scarcely  distingoishable.  When 
ripened,  howcTer,  the  oTary.becomes  hard ;  and  its  own  walls 
and  the  membranes  of  the  seed  haying  coalesced  still  more 
closely,  all  trace  of  the  originally  distinct  seed-Tcssel  is  lost. 
Such  a  seed,  which  appears  destitate  of  an  external  casing,  bat 
which  has  really  been  developed  within  one,  is  properly  tenned  a 
grain  (see  $.  604).  The  great  mass  of  the  seed  consists  of  the 
separate  albumen;  and  the  embryo 
itself  is  very  mmute,  and  not  easily  dis- 
covered by  an  unpractised  Botanist.  If 
the  grain  be  laid  upon  its  flat  fiice^  so 
that  the  convex  mde  is  uppermost,  a 
minute  oval  depression  will  be  seen 
towards  the  narrowest  end;  and  if  the 
seed-coat  be  carefully  removed,  a  little 
P...  itt.-SMD  or  o«A-  oval  body  will  be  found  lying  half  em- 
▲,  «ztaniai  view,  •howiiig  a,  bedded  in  the  albumen.  If  this  be 
tSSSS^lL^Tt:::^:  ^i^^ed  perpendicularly  with  a  sharp 
•bowing  the  ptamMiA  «.  the  k^ife  it  will  be  fouud  to  cousist  of  a 
tiiewiioi««BiN7obaiiif  on  tho  thicKish  scsle,  which  IS  the  nngle  coty- 
outrfd* of  tho albumen tf.         j^^^ .  ^^  ^^^  this  Ues  a  Uttleconical 

body,  composed  of  several  minute  sheaths  fitted  one  over  the 
other,  which  is  the  plumula ;  whilst  at  the  opposite  extremity 
will  be  found  the  radicle,  or  rudiment  <^  the  root.  When  the 
radicle  first  begins  to  grow,  the  cotyledon  swells  a  little,  and 
attaches  itself  firmly,  by  the  whole  of  its  absorbent  surfiioe,  to 
the  albumen ;  and  this,  as  it  is  gradually  changed  in  the  proceis 
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of  germination,  is  absorbed  hy  that  surface,  and  supplied  bj  it 
to  the  plumula  and  radide,  until  they  have  attained  sufficient 
development  to  absorb  and  prepare  nutriment  for  themselves,  by 
which  time  the  store  laid  up  in  the  albumen  is  exhausted.  This 
provision  enables  the  germination  of  the  seed  to  take  place  with 
much  greater  rapidity,  than  we  usually  find  in  those  which  have 
a  separate  albumen ;  for  in  the  latter,  the  surflEMe  by  which  the 
young  plant  absorbs  from  it  is  much  smaller,  the  cotyledon  bemg 
sent  upwards  around  the  young  stem. 

786.  In  general,  the  true  stems  of  Chrasses  are  hidden,  like 
those  of  several  other  Endogenous  tribes,  as  well  as  of  Ferns, 
beneath  the  earth;  and  the  stalks  which  bear  the  organs  of 
fiructification  are  not  to  be  considered  in  this  light.  In  the 
Baniboaf  of  tropical  climates,  however,  the  true  stems  elevate 
themselves  into  the  air,  sometimes  to  the  height  of  50  or  60  or 
even  100  feet,  sending  out  lateral  branches.  The  internal  struc- 
ture of  the  rhizoma  of 
the  Grasses  b  strictly 
Endogenous ;  as  is  that 
of  the  cidfM  or  hollow 
stems,  if  examined  at 
the  period  of  their  first 
development ;  and  their 
subsequent  hoUowness 
results  merely  from  the 
development  of  the 
fibrous  portion  of  their 
structure,  which  forms 
the  exterior,  faster  than 
the  cellular  parenchyma 
inorsases  to  fill  it.  This 
form  of  the  stem  is  a 
very  beautiful  illustra- 
tion   of  the  mode  in 


FiaSOS^Att 
one-flowered  glume ;  ft, 


CAFfLLABxa.   a,  tiie  UTfthmltf 
the  Mme  opened,  ahowing  the 


v»«-»wwww  ■luuw ,  9,  uie  mtam  opcneo,  mowing  tae 
which  the  greatest  pOS-  fl»wer;  e,  the  flower  taken  ont  to  ihow  the  leavea  ol 

sible  strength  may  y^^-^*^^^--^'^^.^^ 
obtained  with  the  least  expenditure  of  material.   (See  Mbchan. 
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Philos.  §.  88.)  Some  of  the  Qraseee  hav^  instead  of  a 
rhuoma  or  an  upright  tteni,  a  long  eteeping  Btem,  which  nms 
near  or  nf)on'  the  surface,  sending  down  roots  into  the  soil^  and 
deyeloping  leaf  and  fiower  hnds  at  intcrrals.  This  tendency  has 
ahfeady  been  adrerted  to  as  Teiy  trenUeeome  in  the  Ckmohgrass 
(Triticum  repmt);  but  it  is  of  great  service  to  Man  in  the  grass 
termed  the  Sand-Reed  (AmmophUa  ttretmria)  and  otiiers,  which 
can  regetate  amidst  dry  and  drifting  sand«  and  ace  hence  em- 
ployed to  give  firmness  to  embankments,  which  they  pierce 
with  an  entangled  web  of  living  stmctufe,  that  offen  a  resist- 
anoe  rarely  overcome  by  the  fevoe  of  storms,  and  is  renewed  as 
fkst  as  it  is  destroyed.  Such  grassss  do  not  inorease  so  much 
by  seeds,  as  by  the  multiplication  of  bads ;  cattle  will  not  eat 
them,  and  hence  they  an  providentially  adi^ted  to  eso^  that 
mode  of  destruction;  bnt  when  they  have  been  iq>rooted  by  the 
thottghtiessaess  or  ignorance  of  Man,  the  most  serious  evils  have 
arisen.  In  Scothind,  for  example,  laige  tracts  of  once  fertUe 
country  have  been  rendered  barren,  by  the  encroachment  of  sand 
hills,  which  have  given  them  the  desert-like  aspect  of  EgypiUan 
plains;  and  this  encroachment  has  resulted  from  the  wanton 
destruction  of  the  mat  gra»9ei^  which  were  pulled  up  by  the 
country  people  for  ftiel,  to  'such  an  extent^  that  an  Act  of  Par* 
liament  was  passed  about  an  hundred  years  ago,  rendering  it 
punishable  to  do  so. 

737.  Less  need  be  here  said  of  the  uses  of  this  tribe  to  Maa^ 
since  they  are  more  obvious  than  those  of  most  othar%  espe^ 
cially  to  the  inhabitants  of  temperate  climates.  When  it  is  cofl« 
sidered  that  all  the  Wheat,  Barley,  Oats,  Rye,  luld  other  Com* 
grains  used  as  food  by  Man,-^as  also  Rice*  and  Mais»  or  Indian 
Com,  which  support  an  even  larger  number  than  the  former^-^ 
the  Sugar,  which  is  now  become  not  only  an  artide  of  luxury  to 
him,  but  of  necessity,— and  the  various  grassss  that  form  the 
staple  food  of  nearly  all  the  animals,  upon  which  he  relies  for 
the  supply  of  his  appetite  and  for  assistance  in  his  laboor8,-^t 
vrill  be  at  once  seen  that  no  single  tribe  can  be  compared  with 
the  GramineeB  in  importance  to  him.  We  have' had  to  noties 
other  tribes  and  even  particular  q>eoies,  which  are  of  the  moat 
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important  b^iefit  in  certain  ntoations ;  each  are  the  Date  and 
the  Goooa  Nut.  Bnt  these  are  yalnable,  jast  because  the 
Grasses,  which  are  otherwise  universal  in  their  distribution,  are 
prevented,  b^  peonliaritieB  of  ditnate  or  other  causes,  from  flou- 
rishing in  those  particular  spots.  In  all  but  the  rery  coldest 
parts  of  Europe,  we  find  some  of  the  corn-grains  affording  the 
prineipal  suppMes  of  food  ;^-barie7  and  oats  in  the  north,  rjre  in 
latitudes  a  tittle  more  southern,  and  then  wheat.  In  the 
Southern  paorts  of  Europe,  rice  and  maize  come  into  ordinary 
cultivation ;  and  the  use  of  these  attends  tlffooghout  th^  tropics. 

738.  The  vaiious  provisions  for  the  natural  propagation  of 
these  important  vegetables  are  extremely  interesting.  The 
animals  which  browse  upon  them  usually  prefer  the  ft^age, 
leaving  the  flowernstalks  to  ripen  their  seed ;  or,  if  they  d^stM>y 
both,  tiie  plant  spreads  by  oftets  from  the  imderground  stems. 
Even  if  they  be  trodden  down,  they  are  not  destroyed;  (^ 
buds  aiB  developed  from  the  several  nodes  of  the  st^n,  whidi 
thus  multiply  tiie  plant.  It  is  on  exposed  downs  and  barten 
places,  where  the  heat  is  insufficient  to  ripen  the  seeds,  and 
where  there  is  no  germination,  that  wc  find  the  tendency  to 
multiply  by  buds  most  remarkabk. 

789.  It  may  give  some  idea  of  the  enormous  amount  of  sub* 
sistenoe  afforded  by  the  Grasses,  to  state  that,  some  yean  ago, 
when  the  population  of  Britain  was  much  less  than  it  is  at  pre- 
ssnti  it  was  calculated,  after  a  laborious  series  of  ittvestigationa, 
that  416  milUon  Ut^sU  of  com  are  annually  consumed  in  Bri- 
tain, besides  100,000  bags  of  rice,  and  MO^OOO  tons  of  sugar. 
It  has  been  estitnated  that  there  are  upwards  of  a  lUiffion  of 
horses  employed  in  Britain  in  different  ways,  each  requiring  as 
much  vegetabts  food  as  would  support  eight  men ;  the  value  of 
their  pasturage,  therefore^  must  be  fiilly  one-third  of  that  from 
which  the  quantity  of  com  just  mentioned  is  produced.  Fur- 
theiv  it  has  baen  stated  that,  not  computing  pork,  baoon,  or 
poultry,  upwards  of  150  milUon  pounds  of  meat  are  annually 
consumed  in  London  alone ;  and  this  amount  shonld  probably  be 
multiptied  by  at  least  ten,  to  represent  the  consumption  of  the 
oountiy  in  getieraL    Again,  it  lias  been  calculated  that  the  value 
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of  the  butter  and  cheeee,  anniMlly  made  in  Britain,  is  not  leas 
than  £5,000,000.  These  and  many  other  animal  products  are 
ahnost  entirelj  obtained  from  the  pknts  of  this  order;  which, 
howoTer  insignificant  in  appearance,  have  been  obyionslj 
adapted,  in  a  peculiar  manner,  bj  an  All-bountiful  C^reator  to 
the  yaried  wants  of  his  human  offipring. 

740.  In  spealung  of  the  uses  of  the  Grasses  to  Man,  that  of 
the  Bamboos  should  not  be  forgotten.  To  the  Indian  Savage 
they  afford  almost  all  that  he  wants,  except  the  food  which  he 
derives  from  his  rice  or  his  maize.  ^^  With  their  lightest  shoots 
he  makes  his  arrows,  the  fibres  of  the  wood  form  bow-strings,  and 
from  the  larger  stems  he  fabricates  a  bow;  a  long  and  slender 
shout  affords  him  a  lance-shaft,  and  he  finds  its  hardened  pcnnt 
a  natural  head  for  the  weapon.  With  the  hardened  stems  he 
builds  the  walls  and  roof  <^  his  house ;  its  leaves  afibrd  him  an 
impenetrable  thatch ;  split  into  narrow  strips  it  gives  him  the 
material  for  weaving  his  floor-mats,  and  other  articles  of  domestic 
convenience ;  its  fibre  famishes  him  with  twine,  and  its  leaves 
provide  him  with  paper,  when  he  becomes  sensible  of  the  utility 
of  such  a  materiaL  Would  he  commit  himself  to  tiie  waves, 
the  stems  form  the  hull  of  his  boat,  which  by  a  few  duns 
stretched  over  it  is  rendered  water-tight ;  they  also  give  him 
masts,  and  then  slips  of  wood  become  cordage,  or  are  woven  into 
sails."  Even  in  more  dvilised  countries,  such  as  China,  India, 
and  Japan,  they  are  applied  to  a  great  number  of  useful  pur- 
poses. Water-pipes  are  often  made  of  them;  and  they  are 
used  in  the  construction  of  fences,  in  building  houses  and  boats, 
and  in  the  manufiscture  of  various  articles  of  furniture.  Short 
sections  of  the  stems,  cut  so  as  to  include  the  nodal  partitioD, 
are  employed  for  a  great  variety  of  useful  purposes;  the  snoall 
ones  serve  as  cups ;  and  the  large  ones  (which  are  sometimes 
more  than  a  foot  in  diameter)  for  tubs  and  boxes. 

741.  The  table  on  the  opposite  page  exhibits,  in  a  ample 
form,  the  characteis  by  which  the  foregoing  ordets  may  be  dis- 
tinguished from  each  other,  and  from  other  tribes  of  l^dogena 
which  have  not  been  here  noticed* 
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I.  Fumnu  Complbr. 


A. 

a,  Yeint  of  leaTM  diverging  from  the  mSdiib. 
0,  Anthen  2-celled. 

Stameni  8          •            .             .            . 

ScUaminea 

Stamens  6                .            .            .       . 

Mfuaeem 

iS,  Anthen  1-oelled        .            .            .            , 

Maraniaeea 

b,  Yeint  of  leevee  pudlel  with  the  midrib. 

Orohtdem. 

/B  Flowen  not  gyntndront. 

Anthen  turned  oatwardt 

IHdaotm 

Anthen  turned  inwards. 

Stamens  6            .            .            .       . 

Stamens  more  than  tf              •           • 

Hydrocharacem 

B. 

Ofiar^  tuperior, 
a.  Sepals  resembling  petals. 

o,  Flowen  on  aSpadiz        .            .            .      . 

Palmaoea 

fi,  Flowen  not  on  a  Spadix. 

Anthen  turned  inwards 

LUiacem 

Anthen  turned  outwaidi 

Colchieacem 

6,  Sepals  green  or  scaly. 

ct,  Carpels  sepante         .            .            •            • 

Ati$maoem 

Juncaoem 

II.  Flowbbi  Imcomplbtb. 

A. 

Flowen  glumaoeons. 

a,  Stems  hollow       .            .            .            .            . 

Graminea 

6,  Stems  solid 

CyperacMt 

B. 

Flowen  naked,  or  with  a  few  Terticillate  scalea. 
tf,  Flowen  on  a  Spadix. 

a,  Anthen  on  weak  filaments    • 

Typhacem 

/By  Anthen  nearlj  sessile     .            •            •      • 

Aracem 

bf  Flowen  not  on  a  Spadix. 

Nwidem 

/B,  OtuIos  eroot      •            .            •            •      . 

Ltmnacem 
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AMoiumoif,  by  io*te,  W^  ]<a;  thransfa 
iMves,  870^8;  \j  gtMnl  sorfftM  of 
Cryptogamiji,  108, 103  ;  of  water  from  toilt 
179.  176-178;  of  moisftiire  tn^  air,  173- 
178 ;  alfBOted  bj  EzbaUtioii,  890 

AWorpiioii,  nauira  of  the  power,  116-121 

Aoaoiae  of  New  Holland,  888  ;  tannin  ob- 
tained from.  366 

Acidtt  Testable,  338-403 ;  pjroUgneoM^  376* 
403  ;  gallic  390 ;  tartaric,  400  ;oxaUo,  401; 
oltHc  409 :  malio,  409 

Aconite^  519 

Acoru*  ealavMU,  731 

Acitu«Ki«e,  163 

Actaa,  514 

JBeidium,  59,  58 

Aerial  plants,  179-175.  940, 979 

Aeridet  araehnoidet,  979;  688 

Agaric  tribe,  58 

Agave  Americana,  717 

Age  of  Exogenous  trees^  188;  limit  to,  in 
Endofens^l49 

Agrimony,  503 

Affro9temtna»  549 

AgroitU  eapUlarit,  561 

Air-chambers,  90 

Air-TosseU  of  Plants,  80 ;  of  Inputs,  81, 83 

Alarla  ueutenUh  45 

Albumen,  430 

Alburnum,  131 

Alo^ 40-48;  fmotiiloation of, 464496 

AUcanet,  304, 655 

AlUvM  plantaffo,  688 

AusKAcajB,  688 

^Uium,  711 

Allspice,  ( 03 

Almond  tribe,  508;  587 

Aloe,  713 

Alternate  lettvee,  888 

Aiaut<hi*B 


Amanita  wtutearia,  88, 65 
AMAavLunBA,  707 
Ambntacsjk,  676 

Ammonia,  abeorbed  hy  Planti,  168;  104-196 
Ammaphila  arenaria,  736 
AMPBLinajB,  567 
Ampelopels,  568 
Anacardium,  585 
AnagaUii,  646 
Anchusa  tinotoria,  655 
Anemonlen,  500 

Animals,  growth  of  frmgi  within,  53, 54 
—      reqtiration  of,  980,  881 ;  compen. 

sated  by  growth  of  planto,  808-896 
Annual  layers  of  wood,  188-130 
AifOJfAcajB,  517 
Anthers,  433 
Apocarpus,  480 
Applet  470 
A<ptiltgia,  &\\ 
Aracsa,  790-731 
Arbutu$,Wi 
Archil,  39;  304 
Arenaria^  549 
Ainatto,  397 

Arrow-head,  997  • 

Arrow-root  tribe^  TOO 
Artichoke,  630 
^nim,  941, 985,  419,  790 
Arum  tribe,  790-731 
Arundo  arenaria,  177 
Ash,  647, 648 

Ashes  of  Plante,  160;  170, 190-301 
Asparagus,  710 
^ipAMfd  tribe,  700'711 
AMaforUda,  680 
Atmosphere,  influence  of  vegetation  on,  899- 

897 
Atriplex,W5 
Atropa  BeUadonnOt  656 
AiniAifTiAcajc,  563 
^Mtea,641,649 
Aaotised  compounds  formed  by  rUntSySM 
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BMhmtlnm  tmpaUtm,  419 

BALtAMUISJBi  57t 

B«nboo%  TSfl;  740 
B«iMm«  tribe.  701-7M 
UMioWwy,  514 
BaoTaa  tree^  Itt*  474 
BftolMbtrM,Mf 
Buk.  196,  135^9 
BtfTHi-wort,  fl9 
D^rfng■^ok^  patWDint  of,  60 
Baohinia,  4«S 
Dtech  plmn,44> 


itaof;4IO 


kl,51J 

BwolUSTS 
BflnaolB,877 

B«b«T7,619;  1 
BliidwMd,  14N  147 
BfwJiiiwi  tribe,  651 
Blttar-ffweet,  6ff7 
BUok  dyee,  309 
Bleok  Hellebore,  511 
Blae  djee,  988-600 
BoKoroliia,S40^460 
BOMBACBJB.  S5S,  568 

B(MU«nrBj^055 
BnMt«457 
BrMfiMh  688, 533 
BnaQ-wood,  303 
BraeiMriiit,  471 

BnoMACSJB,  654 
BwmsuAcsx,  709, 716 
Broom-npe^  891, 344 
Areofli-raiM  tribe,  600 
BrpophpOum,  940, 460 
BudUAorn  tribe,  503 
Bttdtwlkeat  tribe,  686 
Bode,  301 -300, 338 

«    prodootloiioi;^  rootle  150^  iMl«;l 

leaTee,940 
Biilbe,149 
BMtfrwA  tribe,  717 
B«iraet,597 
Btir-reed,797 
Batoher'e  bnon,  990 
Butomut,99ii 
Bntter-onp.  504 
BrmraucBJ^  564 


Cabbasb,  589, 569;  wrtiilattoi  tenn,  968 
Gabbafe-PiaBi>79l 


CSe«M  tribe,  554, 506 

CAonm.  919, 6104W 

CK)e|mtl,603 

OaUbaeh,607 

Oekmreone  eoO,  177,  ITS 

CofaMterio,  661 

CetUka,  511 

Geljx.  455, 456^  460 

Oemblam,  136, 399^38, 349 

Camblluc&b,  569 

CAMPAmnjuajB,  697, 636 

Camphor,  303^  667 

Gamphor  tree,  566 

OBiidle4NrT7,  361 

Oaootohooo^  367-3001 671 

Oamipouacbj^  683 

CapoeUa  burm  ptutarit,  530 

Oapekwim,  675 

ON^om  aitUe  of  Tifelable  food.  164. 1» 

takwiliibyroota,  179^  104-193;  by 

179,986.991 
Cmrbmic  acid,  aoaroee  and 

157*160 ;  quantity  of  in 

163;  ptodooed  by  deoay  of 

Tegetable  eabetancea,  184-188; 

tkn  of  by  leaTea,  986-991 
Oardmmins  praUtuU,  534 
Oamgeea,45 
Carpels  434, 469 
CmrtKamusUnetoriutttat 
Cartotryujuc,  541 
Caahew.nut,  585 
Gaanva,  3381 670 
OaMla  Bark,  667 
OaetorOfl  plant,  6701 671 
Catofa-fly,  549 
Oateoha,366 
Catkin  tribes  676 
OaoUflower,  538 
Cayenne  Fepper,  675 
Celandine,  594 
CaLAanmrsj^  589 
Cell%  fliet  formaUon  of ,  3S5«S? 
CeUolartiaiae,  70-75 
Cqp*«leAtf ,  949 
CermtUum,S4a 
Certui  grai^iJUmut  611 
Chamomtlek  636 

Ohara,  droolatlon  in  oeUa  oC  319 
Cft«IM0iilitiii,  594 
CanoponnSfOSS 
Cheny,  double,  monstroelty  in.  4d 

~      ilower  of,  464 
Cbeny-lanrd,  506 
Ckkkmtd  tribes  541, 549 
Chineeegiiie,46 

CUneee  Pitoherplant*  80, 949, 944 
Cftervla/lMi,  49;  46 
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ChrtotniMRoeekMl 

Christ's  thorn,  683 

Chromule,  386 

CiCHORAr&B,  830, 631 

dMAROOBPHAUK,  630, 631, 635 

Cinchona,  628 

Cfamamon.  667 

CirouUtion,  general,  of  sap,  3ft8 
—  within  oells,  366-357 

Ci*ius,8es 

CiSTACB^  636,  637 

Citric  Add,  40S 

Citrw  Aurantiunh  664 

Classes,  meaning  of  the  term,  478 
—      LinnBan,  483 

Clasiifieation,  general  objects  of,  473,  474 
—  mode  of  making,  476-477 

^  natural,  478-480,  486-602 

.  Linn«an,  481-485 

Clayey  sofl,  177, 178 

Clematis,  610 

Cloves,  60S 

Clnb-msh,  733 

Coal.  26, 297, 681 

Cocculu*  tribe.  618 

Cooons  Cacti,  618 

Cochineal,  612 

CocM«aHa.  635 

Cockle.  642 

Cocoa-Nut  Palm,  72S,  7*4, 785 

Coffee-Plant,  626-687 

Cold  endured  by  Plants,  Introd. 

CoLCBicAcmx^  718 

Colocynth,  607 

Colouring  substances  ot  Planti^  366-396 

Colmnblne,  611 

Columbo  root,  618 

Comfrey,666 

CoM]H>8rrji,  689  ^ 

CaiSferva,  40, 296, 484 

CcnrirsuB,  680-682 
Conium  maeulalmnt  680 

C0inrOI.Tt7LACBJB,  661 

Copal,  377.  668 
Cork, 137, 679 
Corn-flag,  705 
Corolla,  466, 466, 459 
Correa,SfI8 

CoavMBinEBJB,  630, 631, 636 
Cotyledons,  21,  439443 
Couch-grass,  160,  736 
Cramhe  maritima,  633 
Craneebill,  678 
CaASBULACKB.  609 
Cream  of  Tartar,  400 
Creepfaig  stems,  146-147 
Creosote,  403 


Croons,  705 

Croton  tigUumr  671 

Cro%ii/'oot  tribe,  604-614 

CRucirsajB,  629, 636 

CRTFTOOAifiA,  general  chax  scters  of,  19,  20 

Cttbbeer-bur,  162 

Cucumber,  606 

CuCURBTTACBiB,  606 

Cudbear,  394 
Cuicuta,  221, 344,  663 
Custard-Apple,  308, 616 
Cuticle,  structure  of,  88-95 
C|reiaiN«n,  646 
OmnAcmm,  732 
Cytoblast,  366 


D. 
Dahlia,  632 
Dal«y,629 

Dandelion,  471. 639. 634 
D^te-Palm,  7^22 
Dead-NettU  tribe,  6S4 
Decomposition,   continual   in    organised 

bodies,  160-163 
Dtlphinium,  ill 
Descent  of  sap,  140,  299 
IHanam$,  641 
Diastase,  341 

Dicotyledonous  Planta,  21, 440-443 
Digestion  in  Phints,  887, 325, 336 
DigitalU,  661 
Dioecious  Plants,  435 
DUmaa  mtueipula,  246,  422, 640 
Diptacui,  241 

DiPTBIIOCABPSJB,  668 

Direction  of  growth,  416  ;  of  roots,  107-109 ; 

of  stems.  300-311 
DUehidia  Raffltiiana,  246 
Disk  of  flower,  885,  468 
Dodder,  147,  881.  344, 653 
Dotted  cellular  tissue,  74 

—  ducts,  84,  86 

—  woody  fibre,  78 

Double  flowers,  461,  468  1 

Doimi  Palm,  781 

Dracana,  710 

Dragon's  blood,  377 

Droiera,  hairs  of,  363 

Dry  rot,  69 

Duckweed,  114,630 

DucU,  spiral,  88  ;  scalariform,  88 ;  aimular, 

88 ;  dotted,  84,  86 ;  functions  of,  86 
Dngong,  tracheal  cartilage  of,  83 
Duramen,  131 
Dyes,  blue,  388  300;  ^olet,  391 ;  red.  298- 

304 ;  yellow,  306^07 ;  f^wn,  308 
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BaoMMY,  yeffeUble.315, 316 
Elabontkmof  lap,  2A1. 252 
Bld«r,<B3 

'  Eteotrioity,  derelnped  by  Plants.  414.  416 
BiTDOOBNH.  Btraoturo  of  •tern  in,  185.  14U 
143 :  limit  to  age  of,  142 ;  cfTecU 
of  ligatnrwon,  144, 145 

—  structure  of  laavea  of,  830,  831 

—  oUueifloation  of.  503 
EndonoM,  117-m.419 
Bpigynooa,  496 
£piUMumt  509 
Kpiwudium,  519 

KfUCIlTBJB,  640 

ErodiuMt  573 

Etehichottzia,  585 

Eaaential  oila.  373, 374 

EUolatloo  of  PUnta.  288 

J?««a/yp(«w,604 

BMOHpmui,  582 

Euphorbia  eanaritntU,  323 

EuraoRMAOts,  660, 670 

BTapontioD  from  general  rarfko^  865; 
checked  by  ouUde.  855. 256 

Evening  Primroae,599 

Brergreeai,  313 

Excretiona  of  PUnta,  809-21 1 

BxHALATHUi  from  leavea,  853-969:  takes 
place  through  stomata,  867 :  influenced  by 
light.  258,  859 

ExooBNs.  structure  of  stem  in,  186-138; 
unUmlted  age  of,  139 ;  course  of  sap  in, 
140 ;  efliDCta  of  ligatures  on,  144, 146 ;  leaves 
of,  838. 833 :  classifloation  of,  608 

Ezoemoee,  117-181 


Fallowiito,  906-806 

Fat  of  animals,  .135 

Fawn  colours,  398 

Fermentation,  55-57 

Fbrkb.  83-26 ;  stems  of,  163;  fmotUcation 
of,*  430 

Fcrtilixatlon,437,438 

Fibre,  elementary,  68,  7C 
—     woody,  76-79 

Pig,  470, 672 

Figwort,  661 

Fixation  of  Carbon,  966491 

ftojr  tribe.  543 

Flower,  arrangement  of  parte  of,  463-467 
—     characters  derived  fhwn  in  classifi- 
cation, 496-490 

Flowering,  production  of  carbonic  add  in, 
885 ;  hCAt  developed  in,  411, 418 


Flowerlng-Buah,  689 
Festidgnms,  620 

Food  of  Plants,  154, 155  ;  causes  of  demand 
for,  163 ;  elements  of,  164-470 ;  mode  of 
obtaining,  171-213 
Foramen  of  seed,  436 
Fossil  Plants,  134 
Foxgiovt  tribe,  660, 661 
Frankincense^  378 
FraxineOa,  578 
Frog-bit,3S6,686 
Frond.  84, 882,  823 

FmctUlcation  of  Fern*  84. 430  ;  of  Mosses. 
27,   429;  of  Liverworts,  38,  33,  428;    of 
Lichens.  36. 427  ;  of  Alga,  40. 48, 426;    of 
Fungi,  50.  56,  58.  427 
Fruit,  structure  of,  470 
FpiMtranco,  631 
FifcAfio,  458.  690 
Fuetts  vtiieulonUf  46, 486 
FuMARiAcmA.  588 
Fumitory.  589 
Functions  of  living  beings,  3.  4 

—      organic  and  animal.  10 
FoNOi.  49415 ;  growth  of.  in  animals,  53.  54 ; 

absence  of  lealjr  aurfao^  tn,  884 
FttBtio.306 


O. 

GALBAinTM.690 

Gallic  add,  390 
Galls,  386 
Gamboge,  378 
GamopetaloBS,  466 
Gamosepalous,  456 
Garden  Marigold,  631 

—     Psony,  613 
OnrtxAit&K,  650 
OxRAirfACKX,  572 
Otrmination,  440,  444,  445;   production  of 

carbonic  add  in,  983,  884;   development 

of  heat  in,  411 
Gills  of  Mashroom,  68 
Oinper  tribe,  150^  698. 699 
Glandular  hairs.  07 

—      woody  fibres  78.  79 
Glass.  46 
Glass-wort,  665 
Olaueiunh  594 
0UditHa,S3» 
Gluten,  195.  364 
(TooMfrMTy  tribe,  6I3,6i4 
Goo9«fo(A  tribe.  665 
Gory  dew,  48 
Oostypiumt  549.  550 
Gourd  tribe.  606 
Grafting.  347  352 
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OiujnxBJB,  732-740 

Grapt  tribe.  567-571 

Orast  tribe,  732-740 

6raM-w»ok,  691 

Gravity,  influenoe  of,  on  roota^  HI,  118 

Green  Hellebore,  511 

Green  sarfujee  of  Flanii,  2Mb  306 

OrenadilU,  608 

GnoasuuiiiLS,  613 

Guano,  195 

Guava,003 

Gulf-weed,  43 

Gum,  formatton  of  In  plants,  317 ;  propcrtlae 

of,  328 
Gum^resinB,  378 
Gum-tree,  604 
Gums,  377-380;  gum-arabic  379; 

3B0;  tnsaoanth, 880, 5M 
Gypsum,  196 


Hjbmanthub,  706 

Hair-bett  tribe,  637  630 

Hairs,  structure  of,  96;  one  of*  in  abaorp- 

tion,  278 
Hazel,  677 
Heart's-ease,  538 
Heart-wood,  131 
Heat,  sustained  by  Plants,  Inlrod, 

—  effeot  of  on  Plants,  2S4. 255 

—  emitted  by  Plants,  407-413 
Helianlhemum,  536 
HeUebores,  511, 514 
Hemlock,  617 

Hemp,  674 

Henna,  398 

Hepaticat  32,  33 

Hepaticas,  509 

HibUeui,  548 

Hip,  or  Haw,  595 

HoUow  stems,  148 

HoUy,582;  leaTeeof,896 

HoUyooks,  548 

Honey-locust  tree,  238 

HonejfiuekU  tribe,  688 

Hops,  147, 674 

Honied-Poppy,  524 

Hauit-Ltek  tribe,  609 

Hyacinth,  712 

Hybrid  Plants,  454, 476 

Hpdrangea,  457, 0I0>  616 

HydrocharU^  685 

Hyokocbakioas,  685 

Hydrogen,  a  component  of  Vcfetable^  147 

Hygrometrio  plants,  418 

Hypogynoua  Btamcnai  488 


luPATiBira  Balsauina,  419 

Indian  Fig,  6iu 

Indigo,  388,  389 

Insects,  air-tubes  of,  81-83 

Intemode,  148, 302 

InTolncre,  4A7 

Iodine,  46 

IRIOACBJB,  705,  706 

IrU  tribe,  705,  706 

Irrigation,  202 

UatU  MoUwh  584 


JAiap,652 
Jamrocade,  603 
Jasminbjb,  649 
Jatropha  Curea*.  671 
Jatropha  Manihott  339, 671 
Jestam  tu  tribe,  649 
JuNCAC&s,  719, 720 

K. 
Kalmta,  641, 642 
Kelp,  46 
Knight,  Bfr^  his  experiments  on 

roots.  Ill,  112 
Kyanizing,  50 


Lariatjb,  654 

Laotuoa  Tiroea,  634 

Laminaria,  42,  46 

Larkspur,  511.514 

Latex,  vessels  of  the,  86, 140. 199 

Lavatera,  548 

Lavender,  300 

Laver,45 

Laurel,  667 

Laurinks,  667 

Layers,  annual,  12843B 
—       propagation  by,  346 

Leafless  plants,  219-223 

Leather,  formation  of,  365 

Leavest  general  purposes  of,  214, 215 ;  easen- 
tial  structure  of,  216-218;  peculiarities  of. 
in  Exogena  838;  tit  Endogens,  233;  in 
Ferns,  &o.,  229 ;  skdetoos  of;  233,  234 ; 
varieties  of  form  of,  234-239 ;  pinnate,  dtc.. 
287,  238;  development  of  b«ds  from,  240; 
peculiar  forms  of;  for  collecting  water.  241 ; 
metamorphoais  of  into  pitchers,  242-245 ; 
internal  structure  of,  247-250 ;  exhalation 
by,  253-269;  abaorptkn  by.  270-278;  de- 
velopment and  death  of,  301-313 ;  arrange- 
ment of,  302-304:  changes  of  odour  in. 
386 ;  characters  derived  from,  in  olassifioa- 
tion,493 
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Lboohunmjiw  M6 

lJtMMACMM,990 

Lemon-JukWb  409 

Lettuce,  wild,  410 

LnMr,lS7 

LfCHam.  S4-aB,  4S7 

Light,  tnflnenoe  of  on  Plants,  Inif 


~     emitted  by  Plants,  400 
LtUAcmn,  700-  71A 
LUy.leftfof,  M7 
LiifACBA,M3 
KuMn  MlAtfrCicwn,  546 
lilnngan  qratem  of  oJawlflceHon,  478-485 
Ltauuni%  his  appieolatlon  of  nfttaral  ^jeten, 

488 
Litniin,aO 

Li9trw^t$t  at,  S3, 488 
LobtHa  <f|^laic6S0 
Lobs  UAcu^  630 
Logwood,  301 
London  Prides  615 
Loosfr«trtfe,  646 
LoRAimACSJi,  Oil 
Lcrantkut,  6S8 
Xolic«,A64 
Lpchnit,  54a 

Lpcopodium  of  Psra,  JtUrod^  418 
LpriwMehim,  646 


Macs,  608 

MacroepitU  ppri/^a,  48 
Madder,  308 
If odffcr  tribe,  694 
Maokouacbj^  515 
Makucit  paiud0$€,  MO 
MaUoscld,409 
Mallow  trib^  547, 548 
Ksltlag,  983»  984,  S4(^  411 
MALrAcuM,  547. 548 
Msnohineel  tTM^  670 
MsngeUwunel,  665 
Mango,  585 
Msngrore  tree,  596 

—  tanntn  obtained  fnok,  366 

Ifan^roM  tribOb  508 


Mannras,  yielding  oarbonio  aold,  180-103 

—  ammonia,  105-190 

—  mineral  Ingrsdlentab  9 

906 
Maple,  bods  ihxn  roots  of,  IIS 
MaaAJfTAcmn,  700 
Mari^umtia,  39, 33, 01, 85 
Marsh-mallow,  548 
Marsh-marigold,  511 


877 

Meadow-Growfoot,  504 
Meadow-Qcvaniom,  578 
JfMdMs-Ai^yon  trtbew  718 
Medlar,  470 
Medullary  rajs,  190 

—        sheath,  135, 184 
Melon.  606 
Melon  Gaotos,  610 
Membrane^  elwnentary,  0B»  69 
BtmapaaifTBB,  518 
Midrib  of  leal;  917 
Milder,  58 
Milky  Jaioes,  367 

—     |w<lto«,491 

MhMnl  substanoss  nqolrsd  as  food,  MOi,  170 

Jflia  tribe,  654 

MlMoltoe,  peoollaritiss  of  growth  of,  818-^29 

Jf foMttos  tribs,  691 

MomordiM  tlaUrimm,  410, 607 

Monkshood.  519 

MoitocnLaicTDBB,  664 

Monoootyledonoas  piants,  9U  449, 443 

Monooloas  phuts,  495 

Monopetakras  ooroUa,  456 

Monosepalons  oalyx.  456 

Moasis,  97-31 :  fhiotilkatlon  of,  490 

MoTsmaDts  of  Plants.  4I&429 

Mould,  51, 59 

Moose-eared  Ohiokwaed,  649 

Mvlbeny,  470, 679 

Mango  Park,  97, 98 

Morifonn  oeUolar  tisRis^  71, 79^  97 

Mdsacbjb,701 

Mosoardine  of  8llkwQnn%  54 

Mushroom  tribSb  58,  497 

Mustard,  599 

JfyHes  MTi/Jrra,  679 

Myrrh,  378 

MirKTAcaa,  601 

Jfjrrtte  tribes  601 


Naiaobjb,691 

Naked-stalked  Poppy,  888 

JTareittut  tribe,  707, 708 

NasturUnm,  575 

Natural  sjstem  of  clsariiirstioiy  «7»48i^ 

486^09 
jr(eoMMHa,631 
Nepentheib80,949,944 
NettlekhairBof,97,36S 
jr<ttf«  tribes  679 
New  Zealand  Flax,  714 
JTIeotiaiia,  657 
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Nlgbt-blowlng  Cerem,  611 

NiffkUhade  tTlb^9S6 

Nitrogen,  an  article  of  Vegetable  food,  168 ; 

aonroee  of»  m-198 
Node,  148, 30S 
JTwAiM^  tribe,  068 

NutritiTe  prodaota  of  Flanta,  »7-9i9 
Nymphac&s,  090 

O. 

Oak,  677*678 

Oak-bark,  36ft 

Ochro,ft48 

(Bnothera,  an 

Oils,  fixed ;  olive, 970 ;  rape,  871 ;  popp7,S71 ; 

walnnt,  371 ;  palm,  372 ;  ben,  372 
Oila,  eeeential  or  Tolatile^  373,  374;  tnrpoi- 

tine,  37ft 
01ibanum,378 
Olsac&b,  647, 648 
Oleander,  cutiele  of,  89;  leaf  of;  240 
Olive  oil,  370 
Olive  tribe,  647, 648 

ONAORARIACaB,  BOO 

Onion,  711 

Opium,  384,  38ft 

Opposite  leaveii  303 

Orache,66ft 

Orange  tribe,  fi63^  ft66 

Orange,  rind  of,  96 

OacHiDSjB,  692-696, 

OrohideoQS  Planti^  972, 68MD6 

OrchUkhXi 

Orders,  478 

—    LinnflBan,484 

~    Kataral,486 
Organs  of  living  beings  1,  S 
OaoBAircBSiB,  660 
Orobanehe,  221, 344, 609 
Otmunda  regalie,  24, 82t 
Otto  of  Roses,  300.  362 
Ovarium,  434, 409 
Ovules,  434, 469,  600 
Oxallo  add,  401 ;  formed  by  Utibmm,  37 

OZALID&S,  577 

Oxalie,  677 

Oxygen,  oomponsnt  of  VegetaUa^  166 

P. 
pjBoif y.  9, 613 
Palm;  stem  of,  141.143 
Palm  ACKS,  721-726 
Palma  Ckristi,  670 
Palm  Kale*  632 
Palm  Oil,  372 
Pakdawks,  7^ 


Pandanue,  aerial  roots  of,  110,  lift 

Pftnaey,  638 

Papavxkackjc,  623-628 

Paper  Mulberry,  674 

Papillooaoeous  flowers,  467, 687, 668 

Papjfrue,  137, 733 

Perasitto  plants,  319-322;  leafless,  221,  343, 

344 
Parencbymaof  leaf,  88 
PamaesiOt  616 
Parsley,  617 
PAfleirLORBJB,  608 
Patsion-Jtovftr  tribe,  608 
Pea,  monstrous  carpels  of,  462 
Pea  tribe,  686 
Pelargonium,  672^74 
Pellitory,  672 
Pepper  tribe,  67ft 
Perianth,  465 
Peridium  of  Fungi,  ft8 
Perlgynous,  496 
Peristome  of  Mosses,  429 
Permeability  of  VegeUble  tissaes*  72 
Peruvian  Bark,  626 
Petals,  466, 4fi6, 469 
Petiole  of  leaf,  217, 226-228 
Phamsrooamia,  characteristics  of,  19,21 
Phormium  tenax,  714 
Pileus  of  Fungi,  68 
Pimento,  603 
Pimpernel,  646 
P/n«  tribe,  680-682;  peculiar  woody  fibre  of, 

78, 79 ;  structure  of  woody  layers  in,  133 
Pin«.a})pl«  tribe,  716 
Piney  tallow,  668 
Pinnate  leaves,  242-^46 

PlPBRACBJi,  676 

Pistachio  nut,  686 
Pif/io,  690 
Pistil,  434 
Pitch,  376 

Pitcher-Plants,  242-246 
Pitb,  126, 127 
Placenta,  434, 499 
Plantain  tribe,  701-.704 
Plumula,  111,  440 
PoUen,  433,  469 

POLYOONKS,  666 

Pond-weed,  691 

Poplar,  676 

Poppp  tribe,  ft26..S28 

POppy-on,  371 

Potamogeton,  691 

Potatoe,  151, 6S9 

Prickles,  74, 96, 97 

Prickly-Pear.  219, 610 

Prick-wood,  582  , 

Primrose,  46ft,  64ft 
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PrtmrcM  tribe,  6a 
Primulacxjb,  64A 
Prir«t,647 
Proper  Jiilo6t  86^315 
Protocoeeui  iU9dlUt  48 
Prunv*  taueeratut,  A96 
PunpUn,  607 
Purginf  4Uz,  646 
PTroUgneoiu  acid,  976,  403 


QvBiunnioif,  806 


R. 

Raduts  flowen,  630 
Radicle.  Ill 
Radish.  ft» 
Ragged  Robin.  542 
Rape.  699 
Rape  teed,  633 
Rape  oil.  371 
Raapberry,  eeeda  of,  461 
—        fruit  of,  470 
Receptacle.  985, 468 
Red  dyes,  389-304 
Red  Snow,  48. 494 
Reindeer  Moee,  39 
RsPMODOcnoif ,  in  Cryptogamla,  488-439 ;  In 

Plianerogamia.  439-446 
RnspnuTioif,   in    Animalei   980,    981;    In 

Planta,  989;    daring   germination,  983, 

984 ;  during  flow«rin|^  936 
Rhamn&s.  583 
Rbixoma,  160 
Rhixophorkjb.  608 
Rhododendrau  900,  304, 641, 649 
Rhubarb.  660 
Rice,  734 
Rice  paper.  197 
Jtock-rott  tribe,  636 
Roots,  general  funptiona  of,  100. 101 ;  exton- 

•ion  of,  104,  106 ;  dirootkm  of  growth  of, 

107, 108;  influence  by  graTity,  111.  119; 

distinction  of,  from  stem,  113;  structure 

of.  114. 116 ;  absorbent  power  of,  116-191 
Roots,  aerial,  109. 110 
Rootstock,  150 
R<MACK.«.  503-696 
Roee^pple,  608 
Roee  of  Jericho,  Introd.,  418 
Rotation  of  crops,  907-911 
RuBiACKJB.  694-698 
Hue  tribe,  678 
Runners  of  strawberry,  160 
Rusau  aeuUatut,  920 
Rush  tribe,  719, 720 


Rust  of  wheat,  6i 
Ri;rACSJB,679 


fllAPraon,  307 

Sage,  465 

8affittaria,m 

Sago.  143,  337 

Sago  Palm.  796 

Salop.  697 

8aHeomia,e65 

8aUota,flS5 

SawuHus,  466. 646, 646 

8and.Reed,  177, 736 

Sandy  eoa.  177.178 

&ui^<«or6«,  507 

Sap.  ascent  oi;il6-]91,Ul,  318:  decent  of . 

140,900 
Sap-wood.  131 
Sargasso  weed,  48 
Sarraeenia,  949, 943 
Sassafras.  667 
SAxuraAa&B,  616 
Scales  of  bulbs,  149 
Scammony.659 

SOTAMINKA,  606 

Pcrew-PIne,  796 

SCROPHDLAMKBiB.  660,  661 

Scurry-Grassy  636 
Sea  Kale,  699. 633 
Sea  Weeds.  40-48;  absorption  in,  109 ;   fruc- 

tUioatlon  of.  434-496 
Secretion,  reoeptacdes  of.  08 
SeereUont  of  Plants,  general  natnre  of,  358- 

363 ;  iq)eo1aI  charaoters  of,  364-404 
Sedge  tribe.  739, 733 
&«f«m,  966.  600 
Seed,  nature  of,  19,  91 ;  Connatlon  of.  430; 

8tmetureof,440 ;  germination  of,  440.445; 

prolonged  Titality  of.  446-451 ;  dlsperekm 

of.  471 ;  *dhaxmoten  derived  from.  In  daaai- 

floation.600 
Selection  of  fbod.  by  Plantib  199 
Sensitive  Plant,  491, 499 
Sepals.  465,  466^458 
Shepherd's  Purse,  530 
SitoM.649 

Sites,  deposita  of  in  Plants,  901, 909 
Silk-cotton  tribe,  569,  553 
Silkworms,  fungous  disease  of,  54 
Sleep  of  Plants,  417 
Smut  of  com,  69 
Snap-dragon  tribe,  660, 661 
Snow-berry.  693 
Soil,  nature  of,  176-178;  purpoaas  of,  179; 

formation  of,  905 ;  ezhawtf on  of,  906 

SOLAXBUB,  656 

8olfotara.996 
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8ori  of  Ferns,  430 

Sorrel,  salt  of,  401 

Sorrel  tribe,  577 

Sow-br^nd.  646 

Spadix.  412,  457 

Sparganiumt  797 

Spathe,  412,  457 

Spearmint,  amount  of  abeorptUm  and  exha- 
lation by,  100, 261 

Species,  meaning  of  tbe  term,  14-16,  4/5,476 
—  number  of,  17,  473,  474 ;  arrange- 
ment of  In  groups,  17, 1»,  477 

Sphagnum  1 75 

Spider  Orchis,  693, 693 

Spindle  Tree,  582 

Spiral  ceUular  tissue,  75 

—  eartllage  of  Dugong,  83 

—  ducts,  82 

—  growth  of  stems,  147 

—  vesiels  of  Plants,  8» 
Spirting  Cucumber,  41ft  607 
Spongioles,  104, 105,  114 
Spore,  nature  of,  20, 426 
Spotted  Arum,  731 

•   Spurge  Mhe,  669 
Squill,  flower  of,  464 
Stamens,  structure,  433;  461 
Starch,  336-339, 342 ;  con  version  of  into  sugar. 

340,341 
SteUana,6A2 
Stkm,  general  purposes  of,  123. 124 

—  Exogenous  and  Endogenous,  125 

—  structure  of  in  Exogens»  126-240 

—  structure  of  in  Endogens,  141-144 

—  tendency  of  to  grow  upwards,  146 

—  tendency  of  towards  spiral  growth,  1 47 

—  hollow,  148;  irregular  forms  of,  149- 

151;   origin  of   roots  from,  15?; 

structure  of  In  Tree  Ferns,  153; 

characters  derived  from  in  dassifl- 

cation,  494 
Stigma,  434 
Stings.  97.  363 
Stinking  Hellebore,  511 
Stitchwort,  542 
Stock,  529 
Stomata,  91-95,  248 
Stone  of  fruit,  74 
Stonecrops,  609 
StorksbiU.  573 
Stratiotes,  514, 685, 686 
Strawberry,  runners  of,  150,  305 ;  leaves  of. 

304  ;  flower  of,  593 ;  fruit  of,  466 
Strawberry  tree,  642 
Style,  434 
Stylidium,  420 
Sugar.  33,  334 
Sugar-cane,  151,  206, 734 


Smnach,398 
Sun-dew  tribe,  540 
Sun-flower,  exhalation  from,  263 
Superflua,  631 
Sweet  Potatoe,  652 
Strnphytum  qffleinate,  655 
Syncarpous,  499 
Syngenesis,  630, 631 


Tallott,  vegetable,  382 
Tannin,  365, 366 
Tapioca,  339 
Tar,  376 

Tartaric  add,  400 
Tea  Plant,  559-562 
Teaiel,  241 

Tempering  of  soils,  178 
Tkmmbixtacmm,  565 
Thec«  of  Ferns,  430 
Theobroma  Cacaot  555,  566 
Thistle-headed  Plants,  630 
Thorns,  27, 307 

TiLIAC&B,  557 

Tillandtia,  241 

Tiswies  of  Plants.  66, 67 ;  elements  of.  68-70 ; 
djemloal  composition  of,  163;  first  produc- 
tion of,  355-358;  characters  derived  from, 
in  classification,  493 

TUtue,  cellular,  70-75 

—  woody,  76-79 

—  vascular,  80,  81 

—  ductfc  82-86 

—  latioiferons,  87. 140, 899 
Tobacco,  300,  362 
Tobaccoplant,  657,  658 
TradeecantiOy  356 
Transplanting,  106 
Traveller's  Joy,  510 
Tree-Fem,  23, 153 

Tree  Kale,  532 
Tree  Mallow,  548 
Triticum  repent^  736 
TroUiu$,b\\ 
Tropjbolba,  575 
Trumpet-wood,  674 
Tulip,  715 
Turmeric,  397 
Turmeric-plant,  699 
Turnip,  529 
Turpentine,  375 
Type  of  natural  group,  491 
TYPHACE«,727,72g. 


UUBKLUPBRJK,  617-620 

Upas  tree,  674 
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VALUWtMlA,  408 

Talonii,399 
vafftiiii,  an 
Yiriit^^  mmnisui  oj  the  term.  Igt  47g>  4W 

.        propi«atioiiof.S4S-SSl 
VMOObur  tlMoe,  80,  81 
Vegetable  BfAirow,  6A7 
Velna  of  Icftf,  817.  »»->S8 
Tenoi'a  Fly-trmp,  «48. 421 
Veratrum  718 
VerttdUaOS 
FietoHa  rtffolU,  521 

yiOLACAB,598 

F<oM  tribe.  S38 
Violet  dyet,  391 
Tirginlan  Creeper,  808 
Virgin's  Bower,  510 
Vitcum,  ass 
Vital  properties  4-9 
Vitality  retained  by  Flanti,  Introd. 
.  ~         Seeds,  446-451 

Volatile  oils,  373, 374 
Volva  of  Fungi,  68 


Wakb-roboi.  729 

WaU-flow«n,5a9 

Walnut  oil,  371 

Ward,  Mr.,  his  plan  of  growing  plants,  314 

Wasp,  fungous  growth  fhnn,  83 


Water,  Absorption  of.  by  Plants.  I^om  son, 
172. 17«"178;  from  air,  173-5 

—       loss  of  1^  Ryhalatinn  and  Efapo- 
ration.  853-809 
Watsr-Crowfbot,  506 
Water-LQy.  520^1;  lesf  of;  850:stHaMn8 

of,  400 
]Fa(er.£<(y  tribe.  580 
Water-Melon,  607 
Watar-Pimpemel,  045 
Water-Plantain.  088 
Water-Sdldler,  514, 885 
Wax.  produced  by  Vegetables,  381 
Weld,  395 

White  HeQebors  718 
White  Foppy,  588. 527 
Whorl,  303 
WIUow,678 
Willow-herb,  899 
Woad,390 
WolflB-bane,  512 
Wood,  120 
Woody  ilbre.  70-79 
Woody  layers,  128-130 
Wood-Anemone,  450 
Wood-Sorrel  tribe,  577 


TaAsr,  Tegetable  nature  of,  55,  56 ; 

dnotion  of,  494 
YeUowdyes,39M07 


2k«nRA  MAaiMA,  091 


THB  BMD. 


O.  BBARD,  PBXxram, 
5,  ORBTSTOKVPLACB,  PBTTB»'-I.AFB,  KOLBOaW. 
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